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Summary

Background

For athletes, it is imperative that energy intake (El) adequately addresses the total energy
requirements inherent to their specific sport. Low energy availability (LEA), which is the failure to
provide the body with adequate energy to sustain homeostasis, may potentially result in Relative
Energy Deficiency in Sport (REDs). This is a syndrome that can have detrimental health
consequences, including altered menstrual, bone and endocrine functions. There is limited
understanding of the energy requirements, as well as the prevalence and health consequences of
LEA and REDs among female football players. Further, several methodological limitations in
measuring EA impede the validity of findings. Considering this, the objective of this thesis was to
explore the concepts of energetics, energy availability (EA) and REDs among female football
players, with additional focus on methodological approaches.

Methods

All four papers presented in this thesis are conducted on professional female football players from
the Norwegian premier league (Toppserien) and first division. In paper | we assessed the
measurement accuracy of commonly used tracking devices to estimate the energetic cost of
exercise, a key factor in the calculation of EA. Paper Il quantified the El, energy expenditure, and
EA. Dietary recalls, doubly labeled water and GPS measurements were used to provide a wide
range of measures related to the energetics of female players. Paper 111 assessed the suitability of
the commonly used Low Energy Availability in Females Questionnaire (LEAF-Q) by comparing
the questionnaire scores against indicators associated with the female athlete triad (Triad) and LEA.
In Paper 1V, we assessed the prevalence of indicators associated with REDs and formulated a
cumulative risk index, based on their strength of association with REDs, providing better risk

information regarding the development of the syndrome.
Results

Paper | demonstrated that all examined tracking devices significantly underestimated the energetic
cost of intermittent exercise, ranging between 10.7 — 20.6%. All devices revealed a systematic
inverse relationship with increasing exercise intensity. Omitting excess post-exercise oxygen
consumption from the calculation significantly improved the accuracy with underestimation
between 3.1 — 7.2%. In paper Il, the average total daily energy expenditure was 2918 + 322 kcal
(physical activity level of 2.0 £ 0.3). The average El was 2274 + 450 kcal. A significant difference



was observed between EI on match vs rest days (p < 0.05), but not between match versus training or
training vs rest days. Carbohydrate intake on both match and training days was below the
recommended guidelines for large parts of the cohort. The prevalence of LEA was 36% and 23% on
match and training days, respectively. Paper I1l examined the suitability of the LEAF-Q as an
indicator of the Triad and LEA; however, the area under the curve (AUC) for the LEAF-Q showed
poor performance (0.44 — 0.53) for all clinical markers, apart from detection of amenorrhea (AUC =
0.86). The questionnaire did not statistically differentiate players classified as at risk or not at risk
based on broad indicators of LEA. In paper 1V, the absence of any primary, secondary, or
associated indicators ranged between 33-55%. However, 22% presented with clustered primary and
secondary indicators, which was unrelated to player position. Amenorrhea was reported by 30% of
the non-contraceptive users (n = 27). Amenorrheic players displayed a significantly greater number

of cumulative indicators compared to eumenorrheic players (p < 0.05).
Conclusion

Current generation of tracking devices did not provide accurate estimates of the energetic cost of
intermittent exercise, consequently undermining the validity of EA assessment using these devices.
While the energetic requirements of female football players appear to be moderate, a substantial
portion of the cohort did not meet the nutritional requirements, notably pertinent to carbohydrates.
Furthermore, there was limited evidence of nutritional periodization. Despite a marked prevalence
of LEA, the LEAF-Q was not able to reliably identify players at risk for developing of health
detriments. Continued usage of the LEAF-Q to detecting LEA among female football players can
not be recommended. Rather, methods to evaluate player health outcomes, such as identifying the
presence of clinical indicators associated with REDs should be prioritized to provide better risk
assessments for the individual athlete, as sole assessments EA seems to insufficiently reflect health

risk among female football players.



Sammendrag (Norwegian summary)

Bakgrunn

For idrettsutgvere er det avgjgrende at energiinntaket (EI) tilfredsstiller de totale energibehovene,
som er spesifikke for deres idrett. Lav energitilgjengelighet (LEA), hvor kroppen ikke far nok
energi til & opprettholde homeostase, kan potensielt resultere i relativ energibrist (REDs). Dette er et
syndrom som kan ha skadelige helsekonsekvenser, inkludert forstyrrelser i menstruasjons-, ben- og
endokrine funksjoner. Det er begrenset forstaelse av energibehovene, samt forekomsten og
helsekonsekvensene av LEA og REDs blant kvinnelige fotballspillere. Videre hindrer flere
metodiske begrensninger i malingen av energitilgjengelighet (EA) validiteten av funnene. Med
bakgrunn i dette, var malet med avhandlingen & utforske konseptene rundt energetikk, EA og REDs

blant kvinnelige fotballspillere, med ytterligere sgkelys pa metodiske tilnaerminger.

Metoder

Alle de fire artiklene presentert i denne avhandlingen er utfagrt pa profesjonelle kvinnelige
fotballspillere fra den norske toppserien og farstedivisjon. | artikkel I undersgkte vi ngyaktigheten
av alminnelig brukte sporingsenheter for  estimere energikostnaden ved trening og kamp, en
ngkkelfaktor i beregningen av EA. Artikkel 1l kvantifiserte El, energiforbruk og EA.
Kostholdsregistreringer, dobbelt merket vann og GPS-malinger ble brukt for a gi et bredt spekter av
mal relatert til kvinnelige spilleres energetikk, samt informasjon om forekomsten av LEA. Artikkel
I11 vurderte validiteten til det ofte brukte spgrreskjemaet Low Energy Availability in Females
Questionnaire (LEAF-Q) ved a sammenligne spgrreskjemaresultater med indikatorer assosiert med
den kvinnelige utgvertriaden (Triaden) og LEA. I artikkel IV undersgkte vi forekomsten av
indikatorer forbundet med REDs og formulerte en kumulativ risikoindeks. Dette gir en bedre

risikovurdering angaende potensiell utvikling av syndromet.

Resultater

Artikkel 1 viste at alle undersgkte sporingsenhetene betydelig underestimerte energikostnaden ved
intermitterende aktivitet, som varierte mellom 10.7 — 20.6%. Alle enhetene viste et systematisk
invertert forhold med gkende treningsintensitet. Fratrukket etterforbrenning fra oksygengjeld etter
fysisk aktivitet i beregningen, ble underestimeringen betydelig mindre (3.1-7.2%). | artikkel Il var
det gjennomsnittlige daglige energiforbruket 2918 + 322 kcal (fysisk aktivitetsniva (PAL) 2.0 +
0.3). Gjennomsnittlig El var 2274 + 450 kcal. En signifikant forskjell ble observert mellom EI pa
kampdager versus hviledager (p < 0,05), men ikke mellom kampdager versus treningsdager eller
treningsdager versus hviledager. Karbohydratinntaket bade pa kamp- og treningsdager var under de

anbefalte retningslinjene for store deler av kohorten. Forekomsten av LEA var 36% og 23% pa
i



henholdsvis kamp- og treningsdager. Artikkel 111 undersgkte validiteten av LEAF-Q som en
indikator for Triaden og LEA,; imidlertid viste omradet under kurven (AUC) for LEAF-Q darlige
verdier (0,44 - 0,53) for alle kliniske markarer, bortsett fra deteksjon av menstruasjonsforstyrrelser
(AUC = 0,86). Sparreskjemaet klarte ikke a skille spillere klassifisert som i risiko eller ikke i risiko
basert pa indikatorer assosiert med LEA. | artikkel IV var fraveeret av alle primare, sekundzre eller
assosierte indikatorer mellom 33-55%. Imidlertid presenterte 22% av spillerne med kumulative
primere og sekundeare indikatorer, som var uavhengig av spillerposisjon.
Menstruasjonsforstyrrelser ble rapportert av 30% av ikke-prevensjonsbrukere (n=27). Spillere med
menstruasjonsforstyrrelser hadde et betydelig hgyere antall kumulative indikatorer sammenlignet

med spillere uten menstruasjonsforstyrrelser (p < 0.05)

Konklusjon

Navaerende generasjon av sporingssystemer gir ikke ngyaktige estimater av energikostnaden ved
intermittent trening, noe som dermed undergraver validiteten av EA malinger ved bruk av disse
systemene. Selv om energibehovene til kvinnelige fotballspillere ser ut til & veere moderate, matte
en betydelig del av kohorten ikke de ernaringsmessige retningslinjene, serlig med hensyn til
karbohydrater. Videre var det begrenset forekomst av ernaringsperiodisering i forhold til fysisk
belastning. Til tross for en markant forekomst av LEA, var LEAF-Q ikke i stand til palitelig &
identifisere spillere i risiko for & utvikle helseproblemer knyttet til Triaden og LEA. Fortsatt bruk av
LEAF-Q kan derfor ikke anbefales for kvinnelige fotballspillere. Snarere bgr metoder som kan
evaluere spillere sin helsestatus, som det & identifisere tilstedevaerelsen av indikatorer assosiert med
REDs prioriteres. Dette vil kunne gi bedre oversikt og risikovurdering for den enkelte, da maling av
EA alene ikke ser ut til & gjenspeile potensiell helserisiko blant kvinnelige fotballspillere.



Introduction

Football is one of the most popular sports in the world, with over five billion football fans around
the globe, according to the Fédération Internationale de Football Association (FIFA).! Presently,
there are over 30 million female football players, and FIFA is aiming to double this figure by 2026.
As part of their 2020-23 global vision, FIFA is seeking to enhance the professionalization of
women’s football, leading to more investments, better media coverage and rising salaries.
Nevertheless, sex discrimination in terms of payment and player rights continue to persist within the
world of football.23 Despite a growing body of research on women’s football,* there is still a sex
bias in favor of research conducted on male participants, with findings often generalized to
females.> A recent scoping review of the football literature underscored a remarkable disparity in
the volume of articles published, with studies on men’s football substantially outnumbering those

focusing on woman’s football.®

The last decades have seen a marked advancement in focus on athlete health, with several measures
being put in place to protect athletes and understand the mechanisms ultimately compromising their
ability to participate on the desired level.”® Depending on the characteristics of a given sport,
athletes are exposed to physiological and psychological stress, which may increase the risk of
developing injuries or other health problems.'° Professional female football players will generally
cover 9-11 km during a match, with 22-28% performed as high intensity running or sprinting.1*12 A
typical seven day in-season training period usually consist of 1-2 matches, in addition to 4-6
training sessions.® Modern football is also becoming increasingly demanding, placing greater
expectations on players and team support staff regarding strategies for improving performance,

preventing injuries and reducing recovery time.*

Sufficient energy intake (EI) in athletes is necessary to support the energetic demands of training
and competition, and further, promote restitution, recovery and adaptation to facilitate health and
performance.®1%%6 The physical and energetic requirements of male football players are well
established through years of research.t’~2° However, in female football players, these requirements
are less understood. At present, the nutritional guidelines for professional football players does not
differ between sexes, as no current evidence supports sex specific nutrition.?! However, “absence of
evidence does not equal evidence of absence ”, and these guidelines are predominantly grounded in
research conducted in males.?? Therefore, more female specific research is needed, as the current
guidelines does not necessarily account for potential sex-based differences, such as the effect of

ovarian hormones on CHO metabolism.?1%2



With the increasing physiological demands in women’s football, emphasis on meeting the
nutritional needs is becoming more crucial.?® Energy availability (EA) is defined as the amount of
energy available to sustain physiological functions after subtracting the energetic cost of exercise.?*
insufficient EA due to increased exercise energy expenditure (EEE), reduced EI, or a combination
of the two, known as low energy availability (LEA), may have severe consequences, causing
negative physiological alterations.?>-?" These alterations are described by the Female Athlete Triad
(Triad), a concept that has its origins several decades ago.?826-30 The Triad describes the
interrelationship between LEA, menstrual disturbances, and attenuated bone mass density (BMD).
Notably, LEA may occur with or without disordered eating or eating disorders (DE/ED), and it is
recognized as the underlying etiology. Previous studies have shown a causal relationship between
LEA and symptoms of the Triad.?6° In 2014, a more comprehensive model (framework), building
on the foundation of the Triad was developed by the International Olympic Committee (I0C) and
their expert panel. This model is termed Relative Energy Deficiency in Sport (REDs), which also
includes male athletes. 82" REDs is defined as “impaired physiological function, including, but not
limited to, metabolic rate, menstrual function, bone health, immunity, protein synthesis,
cardiovascular health caused by relative energy deficiency”. The REDs model offers a broader
understanding of physiological alterations, with LEA still recognized as the causative factor.®
Although proponents of the Triad have criticized the REDs model for not demonstrating a causal
relationship between exposure and outcome variables,®! the REDs model seems to have prevailed as
it encompasses the Triad mechanisms while also recognizing broader elements associated with
LEA. In contrast to most sports medicine research, females are overrepresented in research on LEA
and REDs.?’3? There is, however, several knowledge gaps in the literature, as most of the prior
work is conducted on sports emphasizing high power to weight ratio and low fat mass (%), such as
endurance and aesthetic sports. Less is therefore known about the manifestation of LEA and REDs
in team-sports, such as football. It is also important to recognize that the specific methodologies
employed may greatly influence the research outcome, highlighting the importance of deeper

understanding of their implication.

Theoretical background and framework

Energetic requirements in women'’s football

Human, or animal energetics, may refer to the measurement and explanation of variations in energy
expenditure (EE).>® The energetic requirements of female football players will depend on several
factors, including player position and tactical dispositions influencing the game.3*3> Match

performance analysis from the Women’s Champions League have shown that similar to men,

2



female players show temporary fatigue during and towards the end of games.* However, it was not
until recently that the relationship between decline in sprint performance and alterations in muscle
glycogen was shown in females. A recent study on female football players reported that post match
glycogen was decreased by 80% and 69% in type | and Il fibers, respectively.®” Further, lactate
levels peaked at 8.4 mmol/L, indicating elevated anaerobic energy production, which is known to

be mainly glycolytic in nature.®’

Most studies investigating physiological demands in women’s football are based on GPS
displacement data, focusing on performance parameters, such as high intensity running and
sprinting.®* Indeed, the majority of tracking devices additionally offer methods to estimate EEE,
usually through the metabolic power concept.3° Metabolic power calculates EEE based on
accelerations and velocity data, which are based on various assumptions, including acceleration on
flat terrain being equivalent to uphill running at constant speed “°. While this may facilitate
quantification of energy consumption, a number of studies on male participants have shown
metabolic power to significantly underestimate EEE.**~*% No studies have investigated how these
devices perform, in terms of accuracy, using female participants, and the algorithms are based on
data from males.®® Disparities in physiological variables such as work economy, efficiency and
body composition still remains undecided, and is not accounted for by metabolic power.** With this
in mind, it is important to differentiate between studies investigating physiological demands
through displacement data, where high sampling GPS is shown to be accurate,*® and energetic

demands quantified through EEE, as they serve to inform on different entities.

Most studies that have investigating the energetic requirements in female football players have
relied on GPS and accelerometer data.*?3343 Only one study has used the gold standard method of
doubly labeled water (DLW) to quantify total daily energy expenditure (TDEE).*¢ Here, the
average TDEE was ~ 2600 kcal with a physical activity level (PAL) of 1.8, classified as moderate.
However, the study was conducted on a finite sample of international players at training camp,
making generalization of the results difficult. There is conflicting evidence regarding the
physiological demands of domestic versus international players, with recent evidence suggesting
minor differences in physical attributes.!! This stands in contrast to earlier studies and may be a
result of advancements and increased professionalism within women’s football, consequently
reducing the physiological divide between high and lower tier teams.*’~*9 Accordingly, there is a
need for scaled up DLW studies to ascertain the energetic requirements for female footballers,

across different tiers.



Nutritional requirements in women’s football

Studies on elite female football players have reported El ranging from ~ 1900 — 2400 kcal. 13465051
Morehen et al. reported that the mean value of EI among female internationals was 1923 kcal,
which is ~ 700 kcal below their TDEE, measured with DLW.® Football, being a glycolytic sport,
has around 60-70% of total energy production supplied by carbohydrates (CHO),?! making it the
principal macronutrient for performance.t’”? Although current evidence suggests that the energetic
requirements of women’s football is moderate, there is significant strain on muscles through the
high amount of eccentric loading, primarily due to repeated acceleration and deacceleration inherent
to the sport.*6°3 Thus, the recovery period associated with match and training may exceed that of
other sports with comparable energetic demands.> With the increasing demands in women’s
football, congested fixtures are becoming prevalent®® Consequently, the focus on replenishing
glycogen stores between games becomes increasingly important, a process which may take up to 72
h.%® Apart from being the predominant energy source in football, studies have shown that CHO
periodization may enhance skeletal muscle adaptation, as well as body composition (e.g. increase
fat free mass (FFM)).>” However, the CHO intake have been found to be well below the
recommended guidelines in female professional football players.*® With the knowledge that
insufficient CHO intake can lead to adverse physiological changes even in the absence of LEA, it is
important for female football players to adhere to current nutritional guidelines in order to optimize
health and performance.®®°° This includes augmenting EI in response to the physiological load,

known as nutritional periodization.?*

In addition to CHO, protein and dietary fat are important macronutrients essential to support
skeletal muscle recovery following exercise and metabolic function, among other factors.?16%61 |n
contrast to CHO, these macronutrient requirements generally seem to be met among female

footballers.2146

Energy availability
Energy availability (EA) has been defined as the difference between EI and EEE, expressed relative
to an individual’s lean body mass, representing the daily amount of energy available to sustain all

physiological functions outside of exercise.?* The algebraic equation is the following:

(Daily energy intake — Daily exercise energy expenditure)
FFM

Energy availability =

As such, LEA is the failure to provide the body with adequate energy to sustain this physiological
homeostasis. The presence of LEA is generally defined as < 30 kcal/kg™? FFM/day*.2>This

4



threshold is largely based on research measuring the effect of various levels of EA on hormonal
status, the hypothalamic-pituitary-thyroid axis, hypothalamic-pituitary ovarian axis, and markers of
bone metabolism in premenopausal sedentary women, below which a disruption of the hormonal
milieu occurs.?>%2%3 Still, this threshold has been disputed as an absolute cut off value, and
alternative approaches have been suggested,®°4% to accommodate for the fact that there seems to
be different physiological responses to LEA, and that individual thresholds may consist along a
spectrum.?5% However, it is well documented that the presence of severe LEA may cause
endocrinological and metabolic disruptions, that over time can have severe health outcomes. 2367~
" Despite this, the understanding of the effects of LEA is still incomplete. For instance, controlled
periods of LEA may yield performance enhancing outcomes, particularly in sports emphasizing
high power to weight ratio.”>"® As such, it is perceived by some, as necessary to achieve the desired
athletic performance. Hence, it is important to acknowledge that athletes employ various weight
manipulation strategies to enhance their capacity.’* While a comprehensive examination of the
direct influence of LEA on athletic performance is outside the scope of this thesis, it is essential to
highlight that LEA is characterized by shades of gray rather than strict dichotomy. With that in
mind, the subsequent definition of LEA implies a problematic level unless expressed otherwise, as
it is conceived as severe in magnitude or prolonged in duration and includes negative health

alterations.

One of the main challenges when measuring EA is the definition in itself, as it relies heavily on the
measures of EI and EEE, which are both notoriously difficult to accurately assess.”® In particular,
measuring EEE proves challenging in intermittent sports, such as football, due to the high amount
of anaerobic work above maximal oxygen consumption (VO,).123"77 For example, certain tracking
devices have been shown to systematically underestimate EEE, compared to indirect
calorimetry.*3"8 Further, the average underestimation of El in athletes has been shown to be
approximately 20%.”® To overcome some of the challenges associated with measuring EA, some

studies have shifted focus towards investigating the prevalence of symptoms related to REDs.”®-8

In the effort to effectively screen athletes at risk for developing health issues from LEA, Melin et al.
developed the Low Energy Availability in Females Questionnaire (LEAF-Q) in 2014.82 The
questionnaire, comprising 25 items, consists of the subcategories: ‘injuries’, ‘gastrointestinal
function’, and ‘menstrual function’. The total and subscale scores have distinct cut-off values
associated with an increased risk of Triad/LEA. Originally, the LEAF-Q was validated for

endurance athletes and dancers, but has been widely applied in other sports, including football,



despite distinctive differences in physiological characteristics and impact.*38384 This widespread

usage of the questionnaire can be problematic, as it raises the risk of invalid research findings.

Carbohydrate availability

Glucose can be stored in the muscle and liver as glycogen, which during exercise is converted back
to glucose, and transported to active tissues though the bloodstream.® Thus, humans have a finite
amount of CHO available for energy production, making exogenous CHO necessary to meet the

energy requirements during prolonged or intense exercise.®

With the increasing amount of high-intensity running and sprinting in modern football, the need to
fuel sufficiently to support the energetic needs is significant .1452 Recent years have seen a focus on
the role of CHO availability and its importance in relation to both performance and athlete health.%®
Given the body’s limited capacity to store CHO in the muscles and liver, strategically enhancing
CHO intake pre, peri and post workout becomes essential during high-intensity exercise.>8788
Recently, several studies have shown the importance of adequate CHO availability for bone
turnover in response to exercise, and that low CHO availability may induce negative health
outcomes independent of EA status.>*® The performance detriments following a low CHO diet on
high-intensity exercise performance is well established.®”*® However, the negative health
consequences associated with insufficient CHO intake are less understood.®® It was recently
reported that professional English female football players exhibited fear of carbohydrate intake in
relation to body composition, as well as body image issues.? Further, professional and international
players have consistently displayed insufficient CHO intake in relation to physiological
demands.®*#¢ Hence, evidence indicating adverse physiological implications of reduced CHO
availability, coupled with the recognized inadequacy of CHO intake in female footballers requires
attention. At present, there is no set threshold defining low CHO availability. However, as
recommendations for different scenarios defined for football exist, low CHO availability may be

referred to as CHO intake below these recommendations.?%3

Relative Energy Deficiency in Sport (REDSs)

Low energy availability is considered the underlying etiology of REDs.22° As a result of LEA,
suppression of energy demanding processes may occur to prioritize vital biological processes,
necessary for survival.®*®* These subsequent physiological alterations is outlined in the REDs
model (Figure 1), along with potential performance detriments that may accompany the onset of
REDs (Figure 2).2” During periods of energy deficiency, signals to restore energy balance by

stimulating EI or attenuating EE can also be augmented. These processes may result in adaptive
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thermogenesis, making measures such as weight change less reliable in treatment and assessment of
athletes.% Since REDs is defined as a syndrome, it is characterized by clustering of symptoms, with
no clearly defined diagnostic criteria. Greater clustering of symptoms may therefore be linked with
increased risk of development of REDs, yet one or more indicators of REDs may be present without
the syndrome manifesting.% Determining whether indicators are related to LEA or other factors,
such as medical conditions, environmental influences, genetics, or natural variations can be
challenging. It is therefore important to avoid over-interpretation of standalone symptoms when

assessing athletes.

Figure 1. Potential health consequences of REDs.?” (With permission from the BMJ publishing group Ltd.)
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Figure 2. Potential performance consequences of REDs.?” (With permission from the BMJ publishing group Ltd.)

The progression from LEA to REDs may look different depending on the individual. Figure 3
introduces a model that outlines the possible progression towards development of REDs,
emphasizing that the energetic demands of a sport can help determine the key source of potential
health risk. The balance between El and EE is fundamental, but the context of the sport may reveal
the likely issue of the two. The model identifies sports that may typically be at risk for insufficient
El or excessive EE based on their metabolic profiles, which is illustrated by the magnitude of the
bubble (EI/EE). For instance, triathletes or cyclists may exhibit extreme EE during intensive
training or competition phases.®” Despite increasing El, they might struggle to accommodate the
energetic needs, requiring reduced EE if persistent. Conversely, football players have been shown

to exhibit conservative levels of EE, which theoretically, should be manageable to compensate,



under normal circumstances. Thus, the sport’s energetic profile suggests that inadequate EI may be

the primary concern.

Short/controlled
LEA

Potential case: Potential case:
Football Triathlon

Figure 3. Conceptual model depicting the potential progression towards development of REDs. Colors represents the
associated risk for development of health detriments, in descending order. EA = energy availability; LEA = low energy
availability; El = energy intake; EE = energy expenditure; REDs = Relative energy deficiency in sport.

Low energy availability (LEA) and REDs in female football

To summarize the available body of literature, a systematic search in the PubMed database was
performed on the 05.04.2023. The two keywords ‘football’ and ‘soccer’ were searched with various
combinations of the keywords: ‘relative energy deficiency in sport’, ‘RED-S’, ‘REDs’, ‘low energy
availability’, ‘LEA’, ‘energy availability’, ‘EA’, ‘female athlete triad’, and ‘triad’.

Inclusion criteria were English original publications available in full text, peer-reviewed journals,
football/soccer specific, outcome including measures of EA, REDs, or the Triad and female players.
Secondary data studies (e.g., reviews) and studies on males or mixed sport cohorts were not
included. Table 1 provides a summary of the included studies on LEA, REDs, the Triad, or a

combination of them.



Table 1. Summary of literature investigating LEA/REDs and/or associated indicators among female football players.

Author

Level

N

Design

Aim

Summar

Braun et al. 2017 %°

Dobrowolski et al. 2019
98

Ledo et al. 2022 %

Luszczki et al. 2021 100

Magee et al. 2020 8

Morehen et al. 2021 46

Moss et al. 2020 13

Young elite

Professional™

Elite

Youth (13-18 years)

Division 3, College

Professional

Professional

56

41

14

34

18

24

13

Prospective
cohort

Cross-sectional

Repeated
measurement

Cross-sectional

Prospective
cohort

Prospective
cohort

Cross-sectional

Investigate El, EE and nutritional status

Evaluate EE and assessment of El

Evaluate training load and El

Assess prevalence of Triad and REDs

Prevalence of LEA and utility of the
LEAF-Q

Quantify El, EE, and EA

Measure EA and relationship with
associated risk factors

10

Average El: 2226 + 195 kcal/d.

LEA < 30 kcal/kg™ FFM/day*: 53% (average EA: 30.0 + 7.3)
Low CHO intake (average: 5.4 + 1.1 g/kg)

Majority of players did not meet nutritional needs

Average EE: 2811 + 493 kcal/d

Average El: 1476 + 434 kcal/d.

Energy deficiency: 98% (average kcal/kg BM/day: 24.3 £ 8.9)
Low CHO intake (average: 3.2 + 1.2 g/kg)

Majority of players had insufficient macronutrient and El

Average El: 1764 + 495 kcal
Average EA: 38.9 £ 13.2
Mismatch between self-reported El and training load

64.7% at risk for the Triad (LEAF-Q)

Lower El in “at risk” vs “not at risk” players

Athletes with EI below the recommendations had increased risk of
the Triad/REDs

Average El: 1806 + 264 kcal

LEA: 66.7 % (average EA: 23.0 £5.7)
56.3 % at risk of LEA (LEAF-Q)
Overall high prevalence of LEA

Low overall nutritional knowledge

Average TEE (DLW): 2693 + 432 kcal

Average El: 1923 + 367 kcal

LEA: 88% (average EA: 18 + 9)

Low CHO intake (average: 3.3 £ 0.7 g/kg)

High prevalence of LEA and little nutritional periodization

Average El: 2124 + 444 kcal

Average EEE: 418 + 140 kcal/d

LEA: 23 % (average EA: 35 + 10)

23% at risk for LEA (LEAF-Q) with additional low RMR ratio
Low CHO intake (average: 3.3 £ 0.6 g/day)

Inconclusive relationship between EA and risk factors

Most players displayed reduced EA and no nutritional periodization



Parker et al. 2022 10 Professional 1 Case study Describe the challenges faced in Average TEE (DLW): 2062 kcal/d
developing LEA No LEA despite amenorrhea and anovulatory menstrual cycles
Highlights that menstrual irregularities are not necessarily caused by
LEA
Important that players feel comfortable discussing menstrual status
with practitioners to support performance and health

Prather et al. 2015 102 Elite 220  Cross-sectional Determine prevalence of stress fractures, 8 % history of low limb stress fracture
menstrual dysfunction, and DE 7.7 % at intermediate risk for eating disorders (EAT-26)
EAT-26 score > 10 had higher prevalence of menstrual dysfunction
Reed et al. 2013 > Division 1, College 19 Repeated Examine change in EA across the season LEA: 26% pre-season, 33% mid-season (35.2 + 3.7), 12% post-
measurement season (44.5 £ 3.7)

LEA was due to low EI during lunch and dinner

EA inversely related to body dissatisfaction and drive for thinness
Most players not at risk for LEA

Higher prevalence of LEA during season

Reed et el. 2014 13 Division 1, College 19 Repeated Examine nutritional practices associated CHO intake was lower in mid and post-season, compared to pre-
measurement with LEA season
100 % of LEA athletes did not meet the recommended CHO intake
mid and post-season (average: 5 + 1 g/kg)
Identifying inadequate CHO intake may prevent LEA

*= Level of participants is unclear or doubtfully described. ** = Number of participants during specific segments of analyses differ. CHO = Carbohydrates; Energy availability
(kcal/kg* FFM/day?) = EA; Energy intake = El; Energy expenditure = EE; Total energy expenditure = TEE ; Low energy availability in females questionnaire = LEAF-Q; Resting
metabolic rate = RMR; Low energy availability = LEA; EAT-26 = Eating attitudes test 26.
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The field of LEA and REDs research has predominantly focused on leanness and endurance sports,
as the prevalence of REDs is considered to be higher in athletes competing in sports where body
mass may be critical for optimal performance.®%41% Table 1 provides a summary of studies that
have investigated REDs, EA, or the Triad, specifically focusing on female footballers. Few studies
have focused on identifying concomitant REDs indicators. Instead, the prevalence of standalone
symptoms like RMR, BMD or psychological variables has been investigated, with some exceptions,
rather than the prevalence of clustered REDs indicators, which ultimately defines the syndrome.
Based on the current literature, the prevalence of LEA among female football players is reported to
range from approximately 20-80%, depending on the measurement methods applied,346:50.51.84,103
Hence, despite estimates on the prevalence of LEA, the knowledge of how these transfers to

manifestation of REDs indicators remains rudimentary.

The football season commonly consist of three periods: pre-season, competition, and
transition/offseason, commonly eliciting different physiological loads.% Several studies have
shown that the prevalence of LEA and associated risk factors described by the REDs model change
throughout the season.'>°11%% However, as the competition phase usually lasts 9-10 months, this is
indeed the period of highest importance, encompassing the majority of the annual calendar. Moss et
al. reported that 23% of players had in-season LEA, with several players also eliciting adverse
health symptoms consistent with REDs.*? Similar findings were also reported in collegiate football
players, with LEA observed in 33% of the players, and being inversely related to drive for thinness

and body dissatisfaction.>!

A recent study by Morehen et al. reported considerable underfueling in relation to EE, especially in
terms of CHO.#” Although underreporting of El is to be expected from athletes,”® low CHO
availability, indeed, makes football players vulnerable to develop LEA, possibly resulting in
REDs.*¢7® Despite advancements in research regarding nutritional recommendations, there is still
many unanswered question. While current research posits that no difference in dietary
recommendations between male and female football players are needed,? the body of evidence is
scarce.*® Moreover, queries pertaining to substrate metabolism in female athletes remain
undecided.!%’ For example, females have been shown to rely more on fat metabolism than men at
the same relative level of exercise intensity.'® Thus, more research utilizing high quality methods

across different levels of competition is opportune.

Investigations into LEA among female football players highlight the challenge in understanding its

short and long-term health implications. Again, Morehen et al. reported that 88% of international
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professional female football players were categorized with LEA, using the threshold of < 30
kcal/kg™ FFM/day*.4" Similar findings have been demonstrated in other studies, but direct
comparisons across studies are difficult as a result of different measurement techniques to quantify
LEA 13193 Historically, football has not been considered a high-risk sport in terms LEA and REDs.®
However, the recent findings regarding the prevalence of LEA among female players, suggest it

might be higher than previously believed.

Despite several studies investigating the prevalence of LEA in female football players, there are few
studies investigating the occurrence of indicators for REDs in this population. As outlined in the
REDs model, there are several potential health consequences that may manifest themself with or
without DE/ED.?’ These include attenuated BMD, menstrual dysfunction, hormonal dysregulation,
metabolic alterations, and psychological disturbances. A recent study in male and female Kenyan
endurance athletes showed that the prevalence of Triad-REDs symptoms was not higher in the LEA
group, compared to the control group.’ As such, there is a need to investigate the occurrence of
valid indicators of REDs beyond the measure of LEA by itself, as this is what ultimately

compromises athlete health.

Health consequences of LEA and REDs

The potential health consequences outlined in the REDs model (Figure 1) may alter a range of body systems
including bone and menstrual function, as well as immunological, endocrinological, metabolic,
hematological, psychological, cardiovascular, growth and development and gastro-intestinal
functions.®2” While the REDs model highlights specific body systems as independent health consequences
following LEA, these systems are interconnected, often eliciting subsequent reactions. The human body as
an organism, adapts to internal and environmental stresses via complex biochemical processes, which are
manifested through these systems.? Apart from growth and development’, as well as gastrointestinal

and hematological function, all these health consequences are explored in the present thesis.

Menstrual function

The normal menstrual cycle usually lasts between 21-35 days and individuals falling within this
category is referred to as being eumenorrheic (EUM).!9 1 The menstrual cycle consists of (i) the
follicular, (ii) the ovulatory , and (iii) the luteal phase, respectively. The follicular and luteal phases

can further be specified for extensive nuance.

In cases of severe or prolonged LEA (> 3 months), physiological adaptations may take place,
attempting to preserve energy for the most important physiological processes, where reproductive

function is not prioritized.2®112113 This occurs through the downregulation of metabolic pathways,
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which subsequently may result in alterations to the hypothalamic-pituitary-gonadal axis.?®114115
Consequently, energy will be shifted towards metabolic processes such as locomotion, energy
conservation, thermoregulation and cell maintenance.'*® This may lead to functional hypothalamic
amenorrhea (AME), also referred to as secondary AME or oligomenorrhea.t!® Given the underlying
etiology of exercise induced menstrual disturbances, it is natural that individuals competing in
sports eliciting high metabolic demands in terms of EE are more susceptible to LEA, compared to
sports with lower levels of EE.5"'! Nevertheless, as LEA can also be induced by decreased El,
often combined with ED or DE, the knowledge regarding prevalence and factors influencing this is

important, including traditionally non-weight sensitive sports.?’:92118
Hormonal contraceptives

Hormonal contraceptives (HC) are exogenous hormones that primarily inhibit ovulation and alter
endogenous production of sex hormones.!® The various HC methods comprise oral contraceptive
pills, intrauterine systems, implants, injections, and transdermal patch, and they may be mono, bi or
triphasic, eliciting different hormonal milieus.'?° The useage of HC’s has been reported to be higher
in athletes compared to the general population, with a prevalence of ~ 50%.%?! However, a recent
review of HC use in the English super league found that only 28% of the players were currently
using a HC agent.!?2

The menstrual function is considered pivotal in the clinical assessment and diagnosis of long-term
LEA.'2 In non-HC users, alteration of normal bleeding pattern is considered the principal
indicator.83%12 Usage of HC may alter or completely cease menses, potentially masking the
presence of LEA.1?* Considering the high prevalence of HC usage among athletes, this constitutes a
challenge for health care practitioners and researchers working with LEA in this population. It also

emphasizes the need for continued development of “objective” indicators of LEA and REDs.

Endocrinological function

While numerous studies have reported hormonal alterations linked with LEA and REDs, the
inherent challenges with accurately measuring LEA may influence the consistency of results across
studies.?® As such, caution should be exercised when interpreting hormonal results as direct
indicators of REDs or LEA, since limited causal relationships have been firmly established.6” 14
However, certain hormonal markers have repeatedly occurred in response to LEA and could
potentially serve as future indicators of REDs. These include but are not restricted to leptin, insulin-

like growth hormone 1 (IGF-1), thyroid hormones and cortisol.**
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Early detection of LEA is of importance since long-term exposure may elicit more severe
symptoms like secondary amenorrhea and attenuated BMD. 7 Therefore, hormonal markers are
seen as a potential mechanism of early detection, before these pronounced symptoms manifest
themselves.®”11* Laboratory studies, with brief exposure to LEA have provided marked changes in
the hormonal milieu.5312°126 For example, in a laboratory study on female participants, a positive
correlation in circulating leptin was found with decreasing LEA.%2 Other studies have found
influences on triiodothyronine (T3), glucose, and insulin.®”14 The seminal EXCALIBUR studies by
Loucks et al. have also consistently demonstrated that Ts is attenuated in response to LEA, which is
likely the hormone most closely linked with LEA 5263127

Bone health and metabolism

For athletes, low BMD may manifest itself as changes in bone microarchitecture and strength, and
may increase the risk of injuries such as stress fractures and in worst case scenarios,
osteoporosis.’1?8 Bone consists of three major cell types, i.e., osteocytes, osteoclasts, and
osteoblasts, with the latter accounting for more than 90% of bone cells. These three cell types
coordinate cell resorption and remodeling.? Indeed, bone remodeling is influenced by mechanical
loading, and thus, athletes participating in weight-bearing sports with high levels of impact (e.g.,
football) seems to have lower risk of bone related injuries, compared to non-weightbearing

SportS 70,130,131

Identification of low BMD in athletes in normally done using age-matched Z-scores in
premenopausal women. The term “below the expected range for age” has been defined as Z-score <
- 2 by the International Society for Clinical Densitometry,*3? while the American College of Sports
Medicine (ACSM), in their position stands, defines low BMD as < -1 for athletes.?”*® Nevertheless,
there has been a recent debate regarding the BMD Z-scores applied in sports medicine.*® Athletes
experiencing high amounts of mechanical loading are expected to have elevated BMD compared to
controls. Consequently, utilizing the same Z-score of < -1 might mask potential consequences
elicited by LEA.

Dual-energy X-ray absorptiometry (DXA) is normally applied to quantify BMD and calculate Z-
scores.®? Few studies investigating LEA have applied markers of bone remodeling and absorption
to compliment DXA scores, which may further enhance the understanding of the athletes’ bone
health. N-terminal propeptide of type 1 Procollagen (P1NP) and C-terminal telopeptide of type 1
collagen (CTX-1) have previously been identified as the most promising bone turnover markers

when assessing loss in BMD,*3* and provide interesting options in relation to measurement of bone
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health in athletes. These markers, however, have not yet been much applied in the sports medicine

literature.

Energy metabolism

As described by the REDs model, metabolic function may indeed be altered as a result of LEA.® In
response to an energy deficit, the body may respond in a number of ways in order to minimize this
shortfall and thus, attenuate excessive weight loss.®® These mechanisms include hormonal
alterations in thyroid hormones, which are important for the regulation of whole-body
thermogenesis.**® Other mechanisms involved in regulating metabolic processes include leptin,
insulin and ghrelin, all serving as potential indicators of EA status.®>!36137 RMR have consistently
been applied as a surrogate marker for LEA in the literature, as it has the potential to adequately
reflect the metabolic state of the body.1 This is usually applied through RMRRatio, Which is
calculated by dividing an individuals measured RMR by a predictive value, based on an equation
factoring in variables such as age, height, body mass and FFM.*38 In females, a value < 0.90 is
usually considered indicative of LEA.*3® Another method is to estimate EA through RMR by
dividing measured kcal/day™ by FFM, in scenarios where direct measure of EA is not possible or

deemed inaccurate.”>8%140

TDEE consists of several components, where the basal metabolic rate (BMR) constitutes the largest
contribution, and is often proportional to body size.**!42 Other contributions to TDEE are non-
resting energy expenditure which comprise of EEE, non-exercise activity thermogenesis, and
thermic effect of food (TEF).% Excessive TDEE, resulting in energy deficiency may also drive
adaptive thermogenesis, a homeostatic process where energy is preserved in order to decrease EE
and thus increase metabolic efficiency.'*® In an evolutionary perspective, this is an important
mechanism as prodigious TDEE in times of food scarcity may have catastrophic outcomes.*#4145 |n
situations where athletes have been susceptible to long term or severe LEA, adaptive thermogenesis
may also result in weight stability, despite inadequate EI in relation to EE, making weight
monitoring a poor indicator.?>14> Thurber et al. recently proposed an alimentary limit on sustained
maximal human energy expenditure of 2.5 x basal metabolic rate (BMR), using DLW data from
various demographics.}*? These data suggest that although TDEE may drive adaptive
thermogenesis, this is likely a result of the inability of individuals to increase EI sufficiently. Given
the available evidence on the energetic demands of football, it is unlikely that excessive EE is the
primary driver of LEA and REDs, as most players display low to moderate PAL,"184¢ however,

limited evidence exist in female football players.
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Immunological function

There is evidence that the immune function may be altered by LEA, causing increased likelihood of
illness and consequently time-loss from training and competition.#6147 A cross-sectional survey of
Olympic athletes found that athletes with LEA, as measured through the LEAF-Q, had increased
risk of time-loss, compared to non LEA athletes.*® Further, a study completed on healthy adults
and elderly individuals reported that acute fasting decreased neutrophil function in both
populations.#® Although no causal inference to LEA is evident, the immune response caused
through acute energy deficiency by decreasing neutrophil activity may well play a role in athletes
with long-term or severe LEA. There is also evidence that AME athletes may elicit accelerated
downregulation of mucosal immune function through decreased levels of salivary secretory
immunoglobin, increasing their risk of upper respiratory infections.!*” While more research is
needed to elucidate the mechanisms that compromises immune function in athletes with LEA, the
observed time-loss of athletes in this group may serve as an interesting and important marker when
screening for LEA/REDs.

Cardiovascular function

In athletes, there is some evidence supporting that LEA may affect cardiovascular health.'4°
However, it is a well-established occurrence of cardiovascular abnormalities, including bradycardia,
hypotension and dysregulation of vascular contractility among patients with anorexia nervosa.*>°
The mechanisms behind increased cardiovascular risk in patients with anorexia nervosa is still
unclear.® Nevertheless, LEA and anorexia nervosa share similar pathophysiological
characteristics, as both conditions are driven by an energy deficiency, although LEA may be present
with or without psychological problems.!*2 Hence, research on anorexia nervosa patients may
provide important information on the potential severe consequences of LEA. It have been reported
that female athletes with AME may display decreased endothelial function, as well as increased
levels of total cholesterol and low density lipoproteins (LDL), compared to EUM athletes.*>® This
indicates that analogous to anorexic patients, cardiovascular function may be compromised in
athletes with severe LEA. While interesting, the sensitivity of these markers across diverse sports

and athlete profiles remains to be thoroughly established.

Psychological factors
Within the REDs model (Figure 1), a bidirectional arrow illustrates that psychological distress can either
precede the onset of REDs or emerge as a consequence of it.?” Severe LEA or amenorrhea is associated with

154,155

pronounced psychological distress, as underscored by multiple studies noting diminished mental well-

being in athletes identified with REDs.!81%6157 Although There is a link between REDs and poor mental
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well-being, the understanding of the psychological precursors leading to the development of REDs remains

rudimentary.?’

Evidence seems to suggest that the prevalence of ED is higher in elite athletes compared to non-
athlete populations, as well as higher in females than males.'®%1% As many sports require body
compositions with low fat mass (%), in order to perform at the top level, this may increase the risk
of psychological distress among certain athletes (i.e., weight class sports). 61162 In football, most
research exploring psychological factors in relation to LEA or REDs have centered around DE/ED,
generally reporting low prevalence numbers.92163164 However, Sundgot-Borgen & Torstveit found
a prevalence of 24% for ED among football players using clinical interviews.® This highlights the
importance of methodological considerations and inherent variations within expansive groups like

football players, when conducting research.

Decreased sleep quality have been linked to athletes with LEA and/or REDs, and may have
negative consequences for general mental health and wellbeing.?*°%1% These include depression
and mood changes, which have been linked to REDs in previous studies, and are highlighted as a
possible ramification in the IOC consensus statement.?”167-169 As most depressive disorders are
characterized by subjective sleep disturbance, the occurrence of these symptoms are likely to occur
simultaneously, affecting both performance and health.1”® Overall, although multifaceted, the
understanding of psychological factors and their manifested change in relation to LEA and REDs is

important and need further attention.

Rationale for the thesis

Despite the surge in research focusing on EA and REDs, female football players remain
underrepresented in the literature. The work that has been conducted in this population has
primarily concentrated on estimating the prevalence of LEA using small sample sizes, leaving a
knowledge gap regarding the health consequences of these estimates.1346:5051.8384.99.103 Of the
studies also investigating health parameters in conjunction with EA, the sample size is restricted, or
the provision of outcome measures is limited, resulting in numerous physiological systems outlined
by the REDs model remaining uninvestigated.t34°1193 Moreover, the methods employed to
quantify EA have considerable limitations, which could introduce bias and inaccuracies distorting
our understanding of LEA and its impact. Hence, it is opportune to examine methodological and
energetic parameters related to LEA and REDs among female football players. In this context,
understanding of the overall energetic requirements is crucial, as nutritional considerations deeply

influence the abovementioned concepts.?*® The energetic understanding of female football players
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remains rudimentary, particularly lacking in-season data. This may potentially impact the
formulation of nutritional guidelines and practical application, thereby influencing players’ health

and performance outcomes.

Aims
The principal objective of this thesis was to explore energetics, EA, and REDs among female
football players, including a critical evaluation of research methodologies employed for this

purpose. This is outlined across four distinct papers, with the following aims:

1. To examine the accuracy of commonly used tracking devices to assess EEE during intermittent

exercise and evaluating the subsequent implications for quantifying EA (paper I).

2. To quantify the overall energetic requirements of women’s football including TDEE, El and EA
(paper I1).

3. To assess the applicability of the LEAF-Q as a screening tool in female football players (paper Il11).

4. To determine the prevalence of indicators associated with REDs in female football players, with a
secondary focus on variation across player positions and menstrual function (EUM vs AME) (paper
V).

Arrangement of papers

The arrangement of papers in this thesis follows a logical sequence, based on the methodological
considerations and applicability of various measurement instruments. Paper | serves as a foundation
for understanding the accuracy of measured EA in paper 11, as well as the level of bias that could be
expected from prior studies estimating EA. Considering that the LEAF-Q is widely used in studies
across various athletic populations, it would seem fitting to apply this as an indicator associated
with REDs. However, due to the difference between football and the sports for which the LEAF-Q
were validated, we first found it necessary to evaluate the questionnaire’s applicability (paper I11).

Results from paper 1 guided the choice of tracking devices to be applied in paper IV.
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Methods

Participants and ethics

The total study cohort consisted of 60 football players from three teams in Norway, specifically two
teams in the Norwegian premier league (Toppserien) and one team from the Norwegian first
division (it should be noted that the team competing in the first division was promoted to the
premier league in the following season). All participants were classified as tier 3 (national level) or

tier 4 (international) level 1™

Paper 1 included 13 players from the study cohort all competing in the Norwegian premier
division. Paper Il included 51 players from both leagues, while paper 111 and 1V included all 60
players in the cohort. Anthropometric measurements and demographic information for the whole
cohort is presented in Table 2. Further information about the sub-groups is provided in the individual

papers (I-1V).

Table 2. Age and anthropometric characteristics of participants included in the studies.

Age 225+ 3.7

Body mass (kg) 64.1+6.3

Height (cm) 168.9 + 6.0

Fat mass (%) 24.7+4.2

Fat free mass (kg) 493147

Body Mass Index (kg/m?) 224+1.7
Ethics

Written consent was obtained from all participants included in the studies. The entire research
protocol was approved by the Norwegian Center for Research Data (807592) and published in order
to provide full transparency.'’?> The Regional Committee for Medical and Health Research Ethics
(REK), Region North, deemed the full research protocol outside the scope of the Health Research
Act. However, because blood analyses were conducted at Haukeland University Hospital, Bergen,
Norway under the jurisdiction of REK, Region West, we collected their approval (2016/787) for the
project related to the collection, storage, and analyses of blood and urine samples relevant for

papers 2-4.
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Ideally, all participants should have been non-HC users, as the usage of HC’s may potentially
attenuate or mask symptoms associated with LEA or REDs.'?* Consistent with previous findings,
more than 50% of our participants used HC, mainly for contraceptive purposes.'?? Despite the
inconvenience of HC use for the intended overall aim of the papers, it was deemed unethical to
promote the discontinuation of HC usage.

Study design

The data collection can be divided into four parts. In April 2021, two teams completed the
procedure that serves as the foundation for paper 1. Between October 2021 and May 2022, three
teams completed the data collection which constitutes Papers 11-1V. For each team, the data
collection period lasted 14 days, with some additional days following the main period. For each
study, a brief outline is described below. A detailed explanation of study designs is provided in the

individual papers.

Paper I- was completed as a cross-sectional observation study to determine the accuracy of
commonly used tracking devices, one which would also be used to assess EEE in paper 1l of the
thesis. Participants completed a single visit protocol measuring VO- during exercise (criterion
measure), while simultaneously wearing various tracking devices, measuring estimated EEE. The
participants completed a course on artificial grass, designed to reflect the requirements in women’s
football 347, The course length was 549.5 meters (Figure 4) and was completed five times, with one
minute break between each round. Excess post exercise oxygen consumption (EPOC) was
measured to account for EEE derived work above VO2 max. The tracking devices were compared

against the criterion measure to determine their accuracy in reflecting EEE.
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Figure 4. lllustration of the intermittent exercise protocol, indicating the type of movement, length, and order of
segment (numbered A-J).

Picture 1. Athlete during pilot-testing of the protocol in paper I.
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Paper I1- was designed as a prospective observational study aiming to quantify EE, El, and EA. All
participants ingested stable isotopes through DLW to determine TDEE, as well as quantifying
dietary intake on match, training, and rest days. During the data collection period, players were
instructed to continue with their normal habitual pattern to reflect the physiological response seen

during a typical in-season week.

Paper IlI- was a cross-sectional study aiming to assess the applicability of the LEAF-Q for female
football players. The published LEAF-Q cut-off values were used to group participants as at risk or
not at risk for development of the Triad and LEA. These groups were then compared against
physiological measures of the Triad, as well as a broader panel of indicators related to LEA and
REDs.

Paper V- was conducted as a cross-sectional investigation including all three teams. A wide range
of indicators associated with REDs were used to estimate the point prevalence. These indicators
were categorized as primary, secondary, or associated, based on the strength of evidence associated
with REDs.

Procedures

Assessment of Exercise Energy Expenditure (Papers | & Il)
In paper I, the participants were equipped with three wearable tracking devices (Table 3) estimating

EEE using metabolic power.*

Table 3. Tracking devices specifications

Manufacturer and model Specifications Mounting position
Statsports, Apex, Newry, 18Hz GPS, 952Hz tri-axial Thoracic spine between
Northern Ireland, UK (GPS?!) accelerometer, gyroscope &  scapulae

magnetometer
Catapult Innovations, 10 Hz GPS, 1KHz tri-axial Thoracic spine between
Vector, Melbourne, Australia accelerometer, gyroscope &  scapulae
(GPS? magnetometer
Playermaker™, 1KHz inertial sensor, 3 x tri-  Fixed to boots
Playermaker, Tel Aviv, axial accelerometer and
Israel (IMU) gyroscope

All GPS devices were placed outside in recording mode at least 20 minutes prior to testing to ensure

optimal satellite connection. For testing in paper I, the GPS devices were securely positioned within

a bespoke vest, maintaining a separation of 2-3 cm between devices, whereas the inertial sensor was
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fixed to the participants’ footwear utilizing the included strap, all in accordance with the
manufacturer guidelines. Simultaneously, participants were equipped with a portable breath-by-
breath analyzer (VO Master Health Sensors INC, Vernon, BC, Canada) measuring VO2
consumption. Post-hoc comparisons were made between estimates of EEE derived from metabolic
power and VO, data to determine the level of agreement both with and without the inclusion of
EPOC. Paper | provides extended details on the methods and calculations of EEE. In paper Il, EEE
was derived from StatSports Apex and calculated automatically via the manufacturer software
(StatSports Sonra). All training sessions and matches were subjected to post-hoc editing to ensure
synchronization and inclusion of data exclusively representing the physiological work completed

during exercise.

Quantification of training and match load (Paper II)

Both training sessions and match load were monitored using GPS displacement data (Statsport,
Apex, Newry, Northern Ireland, UK). We applied predetermined variables to quantify total distance
covered and meters in speed zone 1-5 (see paper Il for specific speed zones) to determine
physiological load. The coaching staff were familiar with the usage of GPS and applied with the
guidelines from the manufacturer to attain optimal results. The goalkeepers were not included in the

training and match load analysis.

Doubly Labeled Water (paper II)

The DLW method for measuring TDEE in free-living conditions was administered in paper 11.173174
The protocol applied in this study was the Maastricht protocol and is described in detail
elsewhere.'” Briefly, individual doses with DLW were calculated from total body water, based on
Body Mass Index. The players collected a baseline urine sample at home, following training, in the
evening before going to bed (day 0). After collecting the baseline sample, the participants
consumed a weighted amount of 2M2° and H?18°, providing a body water enrichment of
approximately 155 p.p.m. for H? and 235 p.p.m. for 18°. Following this, urine samples were
collected on day 1, 7 and 14, from the second voiding in the morning. On the same days, a second
urine sample was collected in the afternoon or evening. Participants were instructed in how to
collect urine samples and conducted this procedure at home using standardized urine cups. Urine
samples were then stored in the refrigerator at the participants’ home for maximum 24 h. A member
of the research team then collected the urine sample within the given time frame. Urine samples
were then immediately taken to the lab, aliquoted to a 2 mL airtight glass vial and stored in -20°
fridge until analysis. Urine samples were analyzed with an isotope ratio mass spectrometer (Thermo
Scientific Delta VV Advantage; Thermo Fischer Scientific, Bremen, Germany). Carbon dioxide
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production was calculated from the difference between the elimination rates of H? and 18° using the
equation as recommended by the International Atomic Energy Agency (IAEA) DLW database
consortium.'”® TDEE was calculated from carbon dioxide production, assuming a respiratory
quotient of 0.85. Readers are referred to paper Il for extended details on the methods and
application of the DLW method.

Energy intake (paper II)

El was measured on training, match, and rest days, respectively, using the 24-hour diet recall
method. The diet recalls were conducted using a single blinded nutritional analysis software,
developed for research purposes, and with access to the Norwegian nutritional register (Myfood24,
Leeds, UK). Specifically, at 7 a.m., participants received an automated e-mail and text message,
containing a link to the diet recall. Following the initial communication, subsequent reminders were
disseminated until the task was finalized. Prior to the data collection, participants had been
instructed to complete the diet recall as soon as possible following receipt of the link and received
training in completion of the task. To assess the average daily El, weighted means from training,
match and rest days was calculated to ensure that EI accurately reflected the differing proportions of
days within the period under consideration.

Portion options

)

Picture 2. Picture illustrating food search and portion size determination modules on mobile phone from the Myfood24
database. Picture printed with permission from Dietary Assessment Ltd ©.
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Energy availability (Papers II-1V)

For paper Il, EA on match and training days were calculated using the estimated EEE derived by
the GPS system (Statsports, Newry, Norther Ireland) assessed during paper I. EA was calculated
using the formula EA = (EI-EEE)/FFM.?* Further, the estimation of average EA during the entire
14-day DLW measurement period was calculated. The TEF was assumed to be 10 % across all

individuals,"®

allowing for the estimation of activity energy expenditure (AEE) through the formula
AEE = TDEE - (RMR + TEF) and subsequently EA = El — (AEE/FFM). All participants from the
entire cohort did not complete the protocol in paper 1l as they did not fulfill the inclusion criteria
(e.g., not free of injury). As such, paper Il and IV quantified EA using RMR < 30 kcal/kg™

FFM/day™.

Resting metabolic rate (Papers I-1V)

In Paper 1, RMR was measured using the VO, Master prior to completion of the testing protocol.
This was done as the mean VO (L/min) was subtracted from the total EEE measured to strictly
quantify EE derived from activity above rest. Participants wore the device for 10 minutes laying
down in a supine position in a dimmed room at the training facility where the testing took place. For
Paper Il and IV, RMR was measured with a canopy system using the Vyntus CPX (Carefusion,
Hochberg, Germany, Sentrysuit v. 2.21.4). The measurements were completed with participants
arriving the testing facility between 06 — 09 a.m. in an overnight fasted state, by motorized
transportation. Participants were placed in a quiet and dimmed room, laying in the supine position
for 5 minutes, before a ventilated canopy hoodie was positioned. VO, and carbon dioxide
production were then measured for 25 minutes, where the average value for the last 20 minutes was

used to determine RMR.

Body composition, bone mineral density, and anthropometrics (Papers I-1V)

In paper 11, 111 and IV, body composition and BMD was measured using DXA (Prodigy, Encore, SP
4.1, Version 18, GE Medical systems, Madison, Wisconsin, USA) according to best practice
guidelines,'’” using the NHANES database. The DXA was calibrated with a standard phantom
supplied by the manufacturer each day before starting the measurements. All participants were
instructed to arrive the measurement in an overnight fasted state, and preferably, avoid strenuous
exercise the day prior to testing. Further, they were encouraged to void and defecate after arriving
the testing facility before starting the measurement. The measurement was completed with
participants wearing minimal clothing (e.g., t-shirt and tights/shorts) and positioned in the supine
position, ensuring the body was properly aligned with the central longitudinal axis of the scan table.

Both arms were positioned alongside the body, in neutral position to minimize overlapping of
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anatomical structures. All measurements were completed using the standard mode and auto-analysis
provided by the software and manually adjusted if necessary. First, a total body scan to assess the
body composition was conducted, followed by an anteroposterior scan of the lumbar spine (L1-4)
and hip (femoral neck). The same certified technician completed all DXA measurements to avoid
inter-rater variability. Low BMD was defined as Z-score < -1.0.%° In paper 111, the usage of Z-score
< 0 was also utilized to explore the applicability of the LEAF-Q questionnaire. To measure body
composition in paper I, multi-frequency bioelectrical impendence (IN-body 720, Biospace, Tokyo,
Japan) was applied, following the manufacturer guidelines.!’® In brief, participants were instructed
to stand barefoot on the device, holding on to the handles with arms in approximately 40 ° for the

duration of the measurement.

Blood markers (Paper Ill and 1V)

Venous blood samples were analyzed in paper I11 and 1V for both plasma and serum. The samples
were completed with participants arriving the hospital outpatient clinic (Haukeland, laboratory for
blood analysis) in a fasted state between 7-10 a.m. All analytes were assayed at the Department of
Medical Biochemistry and Pharmacology, Haukeland University Hospital, Bergen, Norway. The
laboratory is accredited in compliance with ISO 15189:2012. Glucose, Total-cholesterol, and LDL
were analyzed using Cobas 8000 c702, whereas thyroid-stimulating hormone (TSH), Tg, free
thyroxine (T4), and ferritin was assayed using Cobas 8000 e801. CTX-1 and P1NP were assayed
using Cobas c602. Insulin and IGF-1 were analyzed using Immulite 2000 XPi, whereas leptin was
assayed using an enzyme-linked immunosorbent assay kit (Mediagnost Cat#E07, RRID:

AB _2813737) (not accredited analysis). Serum cortisol was analyzed using an in-house-developed
high-performance liquid chromatography-tandem mass spectrometry.’ For paper Il and IV,
reference ranges were adopted from Haukeland laboratory for blood analysis and can be found in

the specific papers as well as the laboratory’s overview.'8

Self-reported outcomes (Paper Il and V)

During the data collection, a panel of questionnaires were administered for all participants. These
were administered after participants completed RMR and DXA measurements, while receiving
breakfast. In Paper Il1, the participants completed the LEAF-Q.8? Participants were classified as at
risk (total score > 8) or not at risk (total score < 8) for the Triad and persistent LEA, according to
the original publication.®? Additionally, cut off values for the subcategories; injury (> 2),
gastrointestinal function (> 2) and menstrual function (> 4), all associated with increased risk for

development of Triad and LEA dysfunction in the original publication was applied. In paper 1V,
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participants underwent assessments for various conditions, including the Eating Disorder
Examination Questionnaire 11 (EDE-Q-11),'8! the General Health Questionnaire (GHQ),#? the
Bergen Insomnia Scale (BIS),'®® the Chalder Fatigue Scale (CFS),*®* as well as an adapted version
of the Oslo Sport Trauma Research Center Questionnaire (OSTRCQ).®° These questionnaires were
administered to evaluate behaviors associated with DE/ED, symptoms of distress related to anxiety
and depression, problems with initiating and maintaining sleep, physical and mental fatigue, as well
as time loss from training and competition. Additionally, a non-validated custom-made
questionnaire were completed by the participants, examining the eating habits in relation to training
and matches, as well as specific questions about a history of stress fractures. All questionnaires
were completed with a portable tablet (Ipad pro, Apple Inc, California, USA) using a digitally
encrypted platform (Nettskjema, University of Oslo, Oslo, Norway).

Quantification of REDs indicators (Paper 1V)

In paper 1V the prevalence of indicators associated with REDs was assessed. To do this, indicators
were categorized as primary, secondary, or associated, based on the strength of evidence associated
with REDs and LEA from previous literature. Primary indicators included: secondary amenorrhea
(based on self-reported menstrual status from the LEAF-Q),5 low levels of free T3 14 elevated
score on the EDE-Q-11,'81 BMD Z-score at the hip or lumbar spine (L1-4) < -1,3° and history of
stress fracture.'8 The secondary indicators included: low levels of IGF-1,*** blood glucose,*®” TSH,
188 glevated LDL,*® and major time loss from both training and match participation caused by
illness/sickness measured by the OSTRCQ.# The associated indicators included: low RMR
(defined as < 30kcal/kg™ FFM/day! 139.189) ferritin,!®° leptin,1** free T4,''4 PINP,34 ; elevated total
cholesterol,9* CTX-1,13* and cortisol.2®> These indicators where then scored dichotomously

(positive = 1, negative = 0) to provide a cumulative score index, indicating individual risk of REDs.

Statistical analyses

The statistical analysis was performed using Statistical Package for Social Sciences (SPSS) 26
(IBM, Armonk, NY, USA) (paper | & I11), the open software Jeffrey’s Amazing Statistics Program
(JASP) 0.16.4 (paper 11 & I11), and the open software R project for statistical computing 4.3.1
(paper 1V).

Paper |

In paper I, we applied a two-way mixed intraclass correlation coefficient (ICC) model to determine

the level of agreement between tracking devices and the criterion measure, reporting both absolute

and relative agreement.'® Paired sample t-tests were used to examine mean differences between the
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measurement devices, indicating the level of bias. Effect sizes were reported using Hedge’s g
correcting for small sample sizes.%*1% Lastly, a linear regression model was used to examine the

possible presence, level, and direction of systematic bias.

Paper 11

Weighted means were calculated to determine the average EIl. Specifically, El on training, match
and recovery days were multiplied by the respective number of days represented within data
collection period, providing weighted total EI for each category. The sum of these were then
divided by the total number of days, yielding the overall average El. To evaluate if nutritional
periodization was applied in accordance to changes in physiological load, the difference between
TDEE and El, training, and match load, as well as the difference between energy and macronutrient
intake on match, training and rest days were analyzed using Student t-tests, with post-hoc
corrections to account for familywise error. Previous findings indicate that positional differences
elicit disparate physiological needs.3*1% The mean EI, as well as positional differences for TDEE
and EIl were examined using one-way analysis of variance (ANOVA) or a generalized linear model.
Lastly, we applied a linear regression model to examine if player position, indicating the
physiological load elicited during match and training, or other physiological variables known to
influence EE would have the greatest impact on TDEE.

Paper 111

Welch’s test with post-hoc corrections were applied to compare the participants classified as at risk
and not at risk by the LEAF-Q. Receiver operating curves (ROC) analyses to estimate the area
under the curve (AUC) were conducted to examine the accuracy of the LEAF-Q in determining the
presence of clinically defined markers of the Triad and persistent LEA. Youden’s index were also
calculated to indicate the most optimal cut-off scores for this cohort, and to propose alternative cut-

offs, where applicable.821%

In the case of significant AUC values, precision recall curves (PRC) were calculated. PRC’s can be
informative for binary classification problems (at risk/not at risk in this dataset) if the dataset is
imbalanced, usually manifested by negative cases outweighing the positive.'® As ROC curves do
not account for the positive predictive value (PPV), they may present an overly optimistic view
faced with imbalanced datasets, since the specificity will not be affected by the skew.®® The PRC is
based on the PPV and thus, may give us additional information about the prediction of future
classifications as they evaluate the portion of true positives among positive predictors.%
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Paper IV

Here, we calculated the point prevalence of indicators associated with REDs using the formula

number of cases

= prevalence, for each indicator. The cohort was analyzed as one,

population size for assessment

before being stratified into sub-groups based on player positions and menstrual status and analyzed

using either the Welch’s test, t-test, ANOVA, chi square test, or Pearson’s correlation
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Results

The following section summarizes the overreaching findings. Extended details are provided in
papers I-1V.

Paper I: Accuracy of microtechnology to assess exercise energy
expenditure in professional female football players: Implication for
quantifying energy availability.

All tracking devices significantly underestimated the EEE compared to the criterion measure
(EEEvoz2). By adjusting the EEE measurement through subtraction of EPOC (resting periods) the
remaining degree of underestimation was no longer statistically significant. Unstandardized
residuals from the regression analyses, using mean centered values showed that the underestimation
was 0.42, 0.85 and 0.28 kj per unit increase in in VO2 consumption, estimated by GPS!, GPS? and
IMU (devices), respectively. Extracting EPOC from the calculation produced lower unstandardized
residuals indicating an underreporting of 0.23, 0.66 and 0.11 Kj per unit increase for the GPS?!, GPS?
and IMU values, respectively. The regression analyses indicated an inverse relationship between all

tracking devices and the criterion measure as total EEE increased (Figure 5).
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Figure 5. Residual plot indicating the difference between the predicted EEE and the measured EEEyo; in the upper
panel and EEEyo,-EPOC in the bottom panel (values displayed in kj). Negative values indicate overestimation and
positive values indicate underestimation. Exercise energy expenditure = EEE; Kilojoules = kj; Oxygen consumption =
VO,. Excess post-exercise energy consumption = EPOC.

Overall, the percentage error for EEE was 10.7%, 20.6% and 14.5%, for GPS?, GPS? and IMU,

respectively. When removing EPOC measurements from the result by subtracting rest periods, only
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measuring moving time, the percentage error was 7.2%, 3.1% and 3.7% for GPS!, GPS? and IMU,

respectively.

Paper II: Energy expenditure, dietary intake, and energy availability in
professional female football players

We found a statistically significant difference in intensity across all speed zones (1-5) on match vs
training days (p < 0.001) and for total distance (p < 0.001). The average TDEE was moderate (2918
+ 322 kcal) based on the corresponding measured PAL, which was 2.0 £ 0.3 (see Paper Il for
specific PAL values). Furthermore, we found a significant linear relationship between TDEE and
weight, FFM, height and RMR. During the measurement period, no significant change in body
mass occurred, suggesting an underreporting of ~ 22%, on average. There was a significant
difference in EI on match days (2468 + 843 kcal) compared to rest days (2195 + 834 kcal), but no
difference between training (2247 + 485) vs match, or training vs rest days, respectively. For CHO,
there was a significant difference for match vs training days and match vs rest days, but not for
training vs rest days. Protein and fat intake was similar across match, training, and rest days, with
no statistical difference. In terms of player positions, no statistical difference was found for energy

and macronutrient intake.

Energy availability derived from EEE showed that the average EA was nearly akin on match and
training days (36.7 + 17.7 vs 37.9 = 11.7 kcal) and the prevalence of LEA was 36 and 23%,
respectively. In terms of average EA, the prevalence was high (74%), with a mean value of 21.6 +
10.7 kcal.

Paper Ill: Evaluating the suitability of the Low Energy Availability in
Females Questionnaire (LEAF-Q) for female football players.

The mean overall LEAF-Q score was 7.0 + 3.0 (> 8 indicates high risk of LEA/Triad), whereas the
mean values for the subcategories were 3.0 + 2.3 (injury, > 2), 2.0 + 1.7 (gastrointestinal symptoms,
> 2) and 2.0 + 2.4 (menstrual symptoms, > 4), respectively. Moreover, the LEAF-Q identified 32%
of participants as at risk for the Triad. For the subcategories, 68%, 55%, and 15%, respectively,
scored above the LEAF-Q cut off value, indicating problems related to the Triad and LEA. There
was no statistical difference between the groups categorized as at risk or not at risk for any

physiological or biochemical measures.

The AUC analysis revealed poor performance across all clinical markers associated with LEA,

except for the detection of amenorrhea. This was also the case for the PRC. The Youden’s index
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showed that an increase in cut-off score to >10 for the overall LEAF-Q would slightly optimize the

overall diagnostic performance of the questionnaire.

For the LEAF-Q subcategories, the AUC index was excellent for detection of amenorrhea, and fair
for detection of compromised BMD. The AUC index showed that the subcategories were
inadequate in revealing any other markers associated with LEA. The PRC for amenorrhea was
excellent, while the questionnaire failed to correctly identify any other symptoms associated with
LEA. According to the Youden’s index, an increase in cut-off score to > 5 for the injury

subcategory would only slightly optimize the diagnostic performance.

Paper IV: Prevalence of clinical markers associated with Relative
Energy Deficiency in Sport (REDs) among professional female football
players.

Of the entire cohort, 55% presented with no primary indicators. Moreover, 33 % presented with a
single primary indicator, 9% with two primary indicators, and 3, % with three primary indicators. In
terms of secondary indicators, 33% presented with no indicators, 42% with one indicator, and 25%
with two indicators. For the associated indicators, 33% presented with none, 50% with one, 12%

with two and 5 % with three, respectively.
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Figure 6. Distribution of primary, secondary, and associated REDs indicators in ascending order from left to right.
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We found a significant difference in anthropometric measurements between goalkeepers and all
other player positions (p = 0.035), but the players’ position was unrelated to the prevalence of
primary, secondary, or associated indicators of REDs. For the whole cohort we found a significant
positive correlation between the EDE-Q and BIS (r = 0.33, p =0.01), GHQ (r = 0.43, p < 0.001),
and CFS (r = 0.40 p = 0.002), respectively.

The AME group displayed significantly greater number of cumulative (p = 0.002) REDs indicators,
compared to the EUM group. We found no difference between the groups for any individual REDs
indicators, yet the AME group consistently displayed unfavorable outcomes, compared to the EUM
group (Figure 7-11). Additionally, the AME group reported higher frequency of previous stress
fractures (AME 38% vs EUM 16%) as opposed to time-loss caused by sickness/illness, which was
greater in the EUM group (AME 0% vs EUM 26%).
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Discussion

Main findings
The aim of this thesis has been to investigate various dimensions of professional female football
players’ health through the concepts of energetics, EA, and REDs. Significant emphasis was also

placed on evaluating the methods used and how this might influence the outcome measures.
The main findings can be summarized as follows:

Tracking devices measuring EEE, which are required for quantification of EA, generally

underestimated the caloric consumption during intermittent activity.
- The players exhibited moderate levels of EE independent of player position.

- CHO intake was generally well below the recommended levels and there was little to no nutritional

periodization based on physiological demands exhibited.

- The estimated prevalence of LEA was low to moderate, depending on the calculation. The primary
facilitator of LEA appeared to be insufficient El rather than excessive EE, given the energetic

requirements in football.

- The LEAF-Q is not applicable for female football players, apart from determining menstrual
function. This is mainly due to the characteristics of football, compared to the sports for which the

guestionnaire was originally developed.

- Female football players may be susceptible to development of REDs based on the prevalence of

indicators associated with the syndrome.

Measurement of energy availability in football

The last decades have seen a considerable burst in research focusing on athlete health and
subsequently EA.826273082 Knowledge about the prevalence, mechanisms and consequences of
LEA is necessary, since adequate EA is vital for both health and performance.?’ Unfortunately, such
knowledge is hampered by the fact that the measurement of EA is challenging in real word settings,
as it relies on inaccurate methods.®”" Paper | investigated the accuracy of the latest available
tracking devices (microtechnology), commonly used among teams, as this has direct consequences
for studies investigating EA, including paper I1. The overall accuracy of microtechnological

devices was indeed poor, which may give rise to substantial discrepancies relative to the actual EEE
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of players.’® Since the traditional calculation of EA relies heavily on EEE, this may partly explain
diverse findings in the literature when assessing EEE in intermittent sports. Considering the inverse
relationship between estimated EEE and VO. reported in paper I, this discrepancy will also magnify
with an increase in total energetic cost. Consequently, games and hard training sessions will likely
exhibit the largest error margins.

El is another required component of the EA equation. Similar to EEE, measurement of El is
challenging, mainly due to subjective reporting and biases, such as recall and social desirability,
with propensity towards underreporting.’®176:200-202 One common method when assessing validity of
dietary estimates is the usage of DLW, as this may serve as a reference, provided that the weight of
the subjects is known.?% Given the first law of thermodynamics, “Energy can neither be created or
destroyed, only alter in form”, the change in body weight is a direct consequence of the magnitude
of disparity between El and EE.?% Although mechanisms like adaptive thermogenesis may cause
weight stability, despite actual energy deficiency, this concept generally applies on a group

level 2% Thus, by introducing DLW in paper |1, we were able, within the limitations highlighted,
to quantify the amount of underreporting, which was ~ 22%. This again, highlights the limitations
of the EA concept, relying on methods which are inherently imprecise.” The underreporting (paper
I1) was similar to what has been found in previous studies on athletes from various sports,

reinforcing the validity of our results.”

The findings in paper | and 1l raise questions about the applicability of measuring EA in female
football players, due to the intermittent and partly anaerobic nature of the sport, which imposes
methodological difficulties for quantification of EA.342%4, Therefore, the time to actively pursue
surrogate markers of LEA may be pertinent.”:">20% Recently, discussions around the universally
applied thresholds defining LEA have gained traction, commonly denoted as < 30 kcal/kg™
FFM/kg.2567125 The methodological challenges outlined in paper | and 11, as well as prior audits
of field-based measurements correspond well with subtle physiological differences observed in
athletes, when stratified based on homogenous EA thresholds.*?%2%:20¢ Findings from controlled
laboratory studies, from which the EA thresholds are derived, may not be generalizable to elite
athletes, individuals of varying sexes and adolescent populations.®” Recent data also suggest that
daily EA patterns exhibit significant day-to-day fluctuations, in dispute with the laboratory
models.%® It is therefore likely that individual responses to EA exist on a spectrum, and that uniform

measurement of EA may be misleading.®®
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Energy requirements for female football players

Paper Il aimed to quantify EE, El, and EA. Our findings revealed moderate levels of TDEE, with
no difference between players at a national or international level. The mean value was 2913 + 322
kcal, corresponding to a PAL of 2.0 £ 0.3. These values are substantially lower compared to typical
endurance sports, such as cross country skiing, and cycling,®?°" yet similar to the only comparable
DLW study, conducted on international level female football players.*® In that study, Morehen et
al.*® argued that international level players possibly elicit greater EE, compared to national level
players, consequently requiring higher El. This stands in contrast to our results, indicating similar
EE levels. Our results are also supported by findings from the National Women'’s football League
(USA), showing that physiological characteristics and match performance are similar between the
international and national level.** Hence, for international level selection, it may be the case that
individual attributes such as technical and tactical skills are more important than metabolic fitness.
Despite the energetic demands being moderate, the characteristics of the game inflict substantial
strain on muscles, primarily through eccentric loading derived from repeated accelerations and
deaccelerations.>>2% In addition, the playing style of different teams may influence the demands
imposed on the players.® Hence, the distribution of macronutrient intake becomes increasingly
more important to obtain adequate recovery from match and training. This kind of knowledge
should therefore be emphasized by team-support staff in relation to pre, peri and post-match

nutrition.

In paper |1, the mean weighted El was 2274 + 450 kcal. Using DLW to estimate TDEE allows for a
valid reference in relation to EI.2°2 Since no significant changes in body weight during the study
period occurred, an average underestimation of ~ 22% was likely present. This is similar to what
has been reported in previous studies on athletes.”® Hence, most of the players likely had adequate
total El, albeit in the lower end. However, little to no nutritional periodization was observed
between match, training, and rest days. As the physiological demands are considerably higher on
match vs training, and training vs rest days, also apparent in paper 11, there is a need for increased
El during periods of strenuous load, and especially congested fixtures.?2%%210 As previously
mentioned, the high eccentric component of football implies that extensive emphasis should be put
on adequate CHO intake. The most recent UEFA expert group statement in elite football states that
6-8 g/kg of CHO is recommended on match day and 3-6 g/kg on training days.?* In paper II, only
24 % met these recommendations on match day, while over 50% had a CHO intake of < 4 g/kg on
training days. When correcting for the underreporting, assuming equal distribution of macronutrient
intake, the average CHO intake was still only 5.4 g/kg on match day, with over 30% of players
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presenting with an intake of < 4 g/kg. It therefore seems that female players generally consume
inadequate amounts of CHO. Conversely, both protein and fat were well within the recommended
guidelines.?* Although difficult to define, recent findings suggest that low CHO availability may be
more detrimental to athlete health and performance than LEA.>®>° Therefore, emphasis should be
put on increasing CHO intake to support athlete health in general. Professional players on average
will play 1-2 games, in addition to 4-6 training sessions per week.'® Given this schedule, it is
unlikely that sufficient glycogen re-synthesis will occur with the current nutritional regime.
Recently, qualitative data suggest that reduced adherence to nutritional guidelines, among
professional female football players, may be due to misconceptions on the impact of CHO on body
composition and weight gain.® While these perspectives have not been studied in the present thesis,
it stands out as a possible explanation of our findings. Accordingly, prioritizing efforts to enhance

nutritional literacy among female football players on all seems important.

Low energy availability

In Paper I, direct measurement of EA was applied through measurement of EEE derived from a
tracking device tested in paper | and El. Further, in paper Il and IV, we applied surrogate markers
of EA through RMRRatic and/or RMR kcal/kg™ FFM/day*. The directly measured prevalence of
LEA was 23% on training days, 36% on match days, while the average prevalence of LEA derived
from AEE using the formula (AEE = TDEE — [RMR + TEF]) was 76%. However, when applying
the correction factor based on the DLW reference by increasing El by 22%, the prevalence
decreased to 7% on training days and 23% on match days (Figure 10), while the AEE derived
prevalence for the 14- day period was 48%. Previous studies on female football players report an
estimated prevalence of LEA ranging from approximately 20-80%,1346:50.51.83.84.103 Qur findings,
however, indicate that these estimates are inflated. In general, it is more feasible to measure EEE in
sports which in larger part consists of steady state efforts, with the possibility to employ tools such
as power meters, offering valid translation from mechanical power to energetic cost (i.e.,
Kilojoules).”™204211 Hence, studies on endurance sports (i.e., cycling) likely represents more valid

measures of direct EA, compared to team sports.
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Figure 10. Box plot showing the EA distribution as measured on match and training day vs the adjusted distribution
assuming 22% underreporting of EI. EA = energy availability; EI = energy intake.

The prevalence of LEA using surrogate markers (36% and 42% for EA< 30 kcal/kg™ FFM/day*
and RMRRatio <.90, respectively) was substantially greater than that reported within an Australian
elite and pre-elite mixed sport cohort (11% and 3%, respectively).2 Interestingly, these authors
reported that 37% of the cohort exhibited two to three symptoms consistent with the REDs. This is
compatible to our findings, where 22 % of the cohort manifested both primary and secondary
indicators associated with REDs. Moss et al.'3 reported no relationship between LEA and associated
risk factors; however, there was a discernible relationship between attenuated RMR and LEA,
measured directly, suggesting prolonged energy deficiency may have been present.'® The
interindividual variance evident across various studies, underscores a substantial discrepancy
between LEA and its associated risk factors, delineated in the REDs model.?’

In total, the prevalence of LEA in female football players seems to depend on the type of estimate

utilized. With respect to practitioners measuring EA in the field, it is notoriously difficult and
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provides high degrees of uncertainty.®” Since unfavorable physiological alterations likely occur at
varying levels of EA, it may be advisable to focus on measuring indicators associated with REDs

instead, enabling individual risk assessment in terms of development of negative health outcomes.

Screening for LEA

The LEAF-Q has consistently been used among populations for which it was not intended,
including female football players.**831% This is unfortunate, as football is a high impact sport with
risk of both overuse and acute injuries.?*? The LEAF-Q does not account for significant variations
in sport-specific features, leading to skewed results. Interestingly, a previous study centered on
young female football players (13-18 years) concluded that the LEAF-Q functions effectively as a
screening instrument for identifying the Triad/REDs.?** However, the study did not assess the utility
or validity of the LEAF-Q. Instead, the authors compared groups that were determined based on
risk assessment, and few physiological differences were actually present. A recent investigation
concluded that the LEAF-Q was suitable to “rule out” LEA-related conditions in athletes who
scored below the originally published cut-off value. However, it failed to identify athletes at risk for
the Triad or LEA with its associated symptoms, using a mixed sport cohort.2*’ Thus, the LEAF-Q
performed better in a diverse cohort of athletes, compared to the observed findings in paper IlI.
This is likely, in large part, explained by the fact that the mixed cohort primarily consisted of non-
contact sports. The findings from paper 11 indicate that the overall score is subjected to bias
through artificially inflated scores on the injury subcategory of the questionnaire. This confirms that
the LEAF-Q does not account for the injury mechanisms seen in football, likely unrelated to LEA.
Changing the cut-off values for the overall and injury subcategory to > 10 and > 5, respectively,
increased the predictive power of the questionnaire, but without remedying the limitations as noted

above; hence rendering its use in the context of female football players inadvisable.

REDs

Menstrual function

Changes to the menstrual cycle following LEA known as AME or oligomenorrhea (depending on
the manifestation of the changes) are considered the principal indicator of REDs.® One of the
challenges in applying menstrual cycle to assess REDs is the widespread use of HC agents.'?° In
papers Il and IV, 55% of the participants reported using HC agents, limiting the applicability of
this marker. Of the non-HC users, eight players presented with AME, translating to a prevalence of
30%. While there was a statistically significant difference between the AME and EUM group

regarding cumulative indicators, no individual REDs indicator displayed statistically significant
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differences between the groups. Despite this, the AME group consistently presented unfavorable
outcomes across the REDs indicators. One possible explanation for this is that female athletes may
elicit different hormonal profiles.?*® Our findings demonstrate that despite the presence of AME,
other markers of REDs do not invariably ensue, which highlights the difficulty of correctly
diagnosing athletes, particularly since the identification of REDs largely relies on clinical
judgement.®® Hence, although athletes may be categorized as AME according to pre-defined criteria
(i.e., loss of menstruation), it may not evoke additional physiological alterations. This scenario
would be somewhat akin to what is observed with EA, where the physiological alterations observed
are not necessarily proportional with the magnitude of LEA.

Endocrinological function

Alterations in the hormonal milieu resulting from LEA have been extensively documented in
controlled laboratory studies.®368114127 T3 which is the hormone most closely linked to LEA, 3127
had a prevalence of 10%, in paper IV. This is a thyroid hormone that affects several physiological
processes in the body, including metabolism and thermoregulation, central in the REDs model 27214,
Loucks et al. showed that suppression of Tz occurred at an EA threshold between 19 and 25 kcal/kg
! lean body mass/day, within 4 days.®? Since our data was cross-sectional, it is unknown if the
attenuation observed in free Tareflects current or preceding energy status or is related to other
factors, potentially compromising Tz. Additionally, compromised levels of several other blood
markers were prevalent in paper IV, including cortisol, leptin, and IGF-1. The main hypothesis in
terms of endocrine function, related to REDs, is that alterations in these hormones occur to conserve
energy for vital physiological processes.?” Hence, there is a need to investigate the collective status
of several blood markers to assess the overall risk. Multiple individuals had more than one
compromised blood marker in paper 1V, which likely increase their risk for development of the
syndrome. Despite this, arriving at definitive conclusions is elusive given the limited understanding
of the causal relationship between several of the individual blood markers and REDs.
Notwithstanding, the relationship between T3z and REDS/LEA is strong, highlighting the fact that
several of the participants possibly were experiencing symptoms of LEA.

Bone health and metabolism

Prior research have established links between LEA and BMD, which forms an integral part of the
Triad, as well as the REDs model.?® Several studies have demonstrated that LEA may trigger
unfavorable alterations in both bone resorption and formation processes.’®"%21521¢ The high-impact
nature of football may elicit ameliorated BMD levels compared to non-weightbearing sports.” In
paper 1V, the prevalence of Z-score < - 1 was 0 and 2% measured at the hip and lumbar spine,
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respectively. This is lower than expected in this cohort, considering the prevalence of LEA
measured either directly or with surrogate markers (papers I1-1V). Considering the osteogenic
nature of football, there is an ongoing debate about the suitability of the < - 1 Z-score threshold, and
whether this should be increased (i.e., < 0).13* When we applied a < 0 Z-score threshold the
prevalence of low BMD was not significantly increased, reinforcing the original findings.

Recently, evidence have emerged around the effect of low CHO availability in athletes,
demonstrating that short-term CHO restriction may impair bone formation at rest and during
exercise to a greater extent than LEA. This was not evident in our data, as negative alterations in
BMD were virtually non-existence, even though the CHO intake was inadequate in relation to EE,
for large parts of the cohort. These findings were paired with low prevalence of compromised levels
of CTX-1 and PINP, which are markers of bone remodeling and resorption, respectively.'3*
Together, these findings show that female football players are not at risk for development of low
BMD. Based on the osteogenic nature of football, it is likely that the sensitivity of BMD as a
marker of REDs is low in this population. This underscores the importance of emphasizing other
markers associated with REDs when assessing female football players. Should BMD be considered
a sensitive indicator among football players, comprehensive studies are required to create specific
databases that establish bespoke thresholds for high-impact sports.*

Energy metabolism

Metabolic alterations, primarily manifested through attenuated thyroid function are considered a
cardinal symptom of REDs.® Thyroid hormones are known for controlling human metabolism and
decreased RMR is therefore closely linked with attenuated levels of thyroid hormones.?** In paper
IV, RMR was applied as an associated indicator of REDs, with a prevalence of 42%. Currently,
RMR may be considered an ambiguous indicator, needing more research.318° |t is, however,
interesting to note the linear correlation between RMR and TSH levels reported in paper IV, as TSH
is strongly connected to metabolic regulation in the human body.?'* This could imply that RMR
serves as an indicator of metabolic attenuation, which is reflective of energy deficiency.'3® Despite
ambiguous evidence, the application of RMR seems warranted when used in longitudinal, repeated

measures studies, or in conjunction with other indicators of REDs, as in paper 1V.13813°

The conceptual model of REDs, is to some extent, inherently reliant on what is termed the “additive
model” of EE, which is the conventional approach to considering human energetics.*> This model
hypothesizes that increasing physical activity directly adds to the total EE of humans, and thus,

must be accompanied by increased El to avoid LEA in athletes. This hypothesis has been
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challenged by a “constrained model” of EE (Figure 11) which proposes that increased physical

activity, over time, directly decreases other metabolic processes, without necessarily being in
LEA.144’145’217

Additive Constrained

Total Energy
Expenditure

other other

Physical Activity | Physical Activity

Figure 11. Visualization of the additive and constrained total energy expenditure models. In the additive model, EE is a
linear function of physical activity. In the constrained model, the body adapts to increases in physical activity by
decreasing available energy for basal physiological functions (e.g., BMR). The figure is re-printed from Pontzer el
al.,¥* with permission from Elsevier publishing.

If the constrained model of EE is accurate, it is possible that the reduced RMR observed is a result
of increased physical activity, leading to attenuation of other metabolic processes such as basal
metabolic rate (BMR) or improved metabolic efficiency, reflected through RMR measurements. In
paper 11, where we quantified the TDEE of female football players, using the gold standard method
of DLW, the mean PAL was 2.0 £ 0.3 (range 1.6 — 2.4). It has been suggested that an energetic
sealing exist around ~ 2,5 x BMR for prolonged durations, making this the maximal sustained
metabolic scope in humans.**? None of the participants in paper 11 exceeded the 2.5 x BMR ceiling.
However, the observational period was only two weeks and without any knowledge of PAL pre -or
succeeding the study. Currently, evidence supporting the constrained energy model has substantial
limitations including statistical assumptions.?'’ At present, the physiological response to increased

EE is likely explained by a combination of the two models.?*’

Immunological function

In paper 1V, immunological function was measured through time loss from training or match,
defined as major and caused by sickness/illness as defined by the OSTRCQ.8 Overall, there was a
10% prevalence of time loss in the cohort. Surprisingly, for the sub-group analysis, there was 0%

prevalence in the AME group, compared to a 26% prevalence in the EUM group. According to the
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REDs conceptual framework, immunological function may be altered by LEA.?” A study by
Shimizu et al. reported that AME athletes displayed downregulation of mucosal immune function,
compared to EUM-athletes.** This finding stands in contrast to those from paper IV. The fact that
we did not specifically measure immunological markers may account for the disparity in prevalence
among the AME and EUM groups, as self-reported time loss is vulnerable to recall bias. Although
pivotal in the REDs model, there is little evidence to provide causal inference between LEA and
altered immunological function. Rather, most of this research is based on questionnaires and
observational studies.'*¢?!® Altered immune function subsequent to LEA exposure is conceptually
coherent. Since the immune system is energy demanding, downregulation in response to LEA is
conceivable as the body must prioritize acute processes for optimal functioning.®® However, at
present, scant definitive evidence substantiates this connection. Consequently, it becomes crucial to
furnish our understanding, establishing direct links between LEA exposure and downregulated

immune function, if present.

Cardiovascular function

Unfavorable lipid profiles have been reported in athletes suffering from long term or severe LEA,
as well as in anorexic subjects.?>*1%! The overall prevalence of LDL in paper IV was 22%.
However, no relationship between increased LDL-levels and other risk factors of REDs were
present. As such, it seems that altered LDL levels were normally distributed throughout the cohort.
Several of the participants displayed higher body fat (%) levels, compared with previous studies
investigating the relationship between blood lipids and LEA.** Elevated blood lipid profiles are
primarily associated with increased body fat (%) in the general population.?*® Thus, the prevalence
reported in paper IV is not necessarily related to LEA. This is important to consider when
evaluating lipid markers in athletic populations that do not incorporate athletes strictly from sports
associated with low fat (%). Overall, it is questionable if lipoproteins are sensitive markers for
football players, as the body composition, on average, is expected to be higher than endurance and

weigh class athletes, among whom associations with LEA have been found.*6:205220

Psychological factors

It is well established that REDs may be present either with or without DE/ED.22?%! These conditions
are reported to be higher in women participating in leanness sports.t%%%% However, the prevalence
in football have previously been reported to be as high as 24%.%° A recent study investigating the
prevalence of DE among male and female football players found that 13% of female football
players were suffering from DE, using the Eating Attitudes Test - 26 questionnaire.®® In paper 1V,
the EDE-Q -11 was used to determine the prevalence of DE showing that 10 % of players were
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suffering from problematic behavior related to nutrition and body image. This is significantly lower
than what was reported by Sundgot-Borgen & Torstveit, using clinical interviews for ED.X®° It is
worth noting that questionnaire-based tools generally yield higher estimates compared to clinical
interviews.??? Further, the diversity in findings may be due to sample differences, researcher
perspectives, and purposes, which are factors that should be considered when analyzing and
interpreting results. Qualitative evidence have suggested that female football players exhibit
unhealthy behaviors regarding El and body image.®? Although apparent in paper IV, it is possible
that qualitative interviews, thoroughly exploring the psychological status of players, as well as
external factors, influencing the mental wellbeing is necessary to uncover these beliefs in detail.
Further, cultural differences between countries and teams may also play an important role in
explaining the polarization related to well-being in seemingly homogenous populations.®?2
Interestingly, our results found positive correlations between increased score on the EDE-Q,
associated with DE/ED and several measures: the BIS, measuring sleep problems; the GHQ,
measuring mental distress; and the CSF, measuring physical and mental fatigue. Although the
overall prevalence of psychological issues was modest, this finding highlights the importance of
thoroughly assessing mental well-being when screening for REDs, as it may offer an additional
layer of precision in pinpointing those at an elevated risk.

Summary of REDs indicators

The measurement of REDs indicators may provide a more nuanced understanding of the risk to which an
athlete is exposed, transcending many of the limitations associated with measuring EA. In paper IV, the
prevalence of cumulative primary, secondary, and associated indicators of REDs ranged from 0-7,
while 22% presented with both primary and secondary indicators. Further, 30% of non-HC-users
classified as AME, which was surprising as team sports are generally regarded as a low-risk arena
for development of REDs.* Identifying REDs is challenging and cannot be established based on
findings in the scientific literature.® Rather, health professionals must evaluate the individual
presentation of symptoms and their expertise to accurately diagnose athletes. Nonetheless, the
potential for evolvement of the syndrome is represented on a spectrum, ranging from the absence of
risk to an escalated probability. This evolvement is tied to the cumulative presence of indicators and
their respective classification. Understanding of the prevalence and manifestation of these
indicators among female football players is important for the strategic allocation of resources and
implementation of targeted interventions. Our findings indicate that the risk for development of

RED:s is largely individual, and not linked to female footballers as a group.
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Methodological considerations

Quantification of EA (Paper I-1V)

Energy availability is susceptible to inaccuracies due to its reliance on the quantification of El and
EEE.” In paper |, we investigated the comparing different tracking devices against a criterion
measure. The device being used in paper Il displayed a 10.7% error rate, compared to the criterion
measure.’® Despite the apparent inverse relationship with increasing energetic demands, the pattern
of estimated EEE did not provide sufficient basis to develop a correction factor for refining the GPS
algorithm applied in paper Il. Further, although the StatSports (GPS device used in paper II)
algorithm is based on the metabolic power concept by Osgnach et al. it is not open source. Thus, the
exact method used to estimate EEE is unknown.*® Consequently, the EEE estimations involved in
the calculation of EA in paper Il is likely underestimated, based on the results in paper I. This
limitation should be noted when interpreting the findings related to directly measured EA
throughout this thesis. Alas, to date there is no precise method to measure EEE during football or
intermittent sports, but the best tracking device (paper I) should minimize the error rate. Several
previous studies have utilized microtechnology to estimate EEE during football 135183103 Moss et
al. utilized an older system from the same manufacturer as applied in paper I, shown to be less
accurate in terms of error rate for speed.'3223224 Other studies have applied systems known to be
inaccurate at evaluating positions, and distances at different speeds.??> Hence, this constraint is not
unique to our investigations, but rather, a common challenge across studies examining intermittent

and anaerobic sports.

Energy intake is known to be difficult to assess, as it normally places a significant burden on the
individual, making it prone to error. In their study, Morehen et al.*® applied a stringent food
surveillance system in which dieticians monitored the EI of all major meals, and all snacks were
recorded using the validated remote food photography method.*® Despite this, there was a 30%
discrepancy between EI and TDEE, with no significant change in bodyweight. These results are
akin to the findings presented in paper Il. Conversely, we chose to use 24-hour diet recalls
recording the dietary intake of the players to increase compliance and participant burden. This
method may be criticized for lack of accuracy by some, however, it has been shown to provide
equally good or better results compare to methods such as dietary records and weighting of
food.”®2%! This is exemplified by comparing our results to the ones by Morehen et al., which in
addition are comparable cohorts.*® While we did not assess El on all individual days, the calculation

of weighted means enables a valid estimation of El across a different day, each characterized by
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disparity in physiological load. Hence, it is unlikely that employing an alternative method would

have altered the general outcome.

In paper 111 and 1V, it was not possible to complete measurement of direct EA for all participants.
We therefore opted to use surrogate markers through RMR. This method is associated with certain
limitations, including ambiguities regarding the impact of variables such as equipment, age, body
mass, body composition, training volume, nutrition status and acute exercise status.8%.226:227
Nevertheless, RMR have also been shown to accurately reflect energy deficiency status in females
and considered an interesting surrogate method when measuring EA in conjunction with other
indicators.t3%18° |t has been suggested that athletes presenting with less severe cases of energy
deficiency may not present with attenuated RMR, despite being in LEA.*®® Since the sensitivity of
these measurements can be decreased for individuals with minor energy deficiencies, the risk of
false negatives are present. Nevertheless, as duration and magnitude of LEA are important
predictors for developing negative health outcomes, the possibility of athletes with minor energy

deficiencies being overlooked in the analysis is of less importance.?%66:67

Average EA derived from AEE using DLW have not been applied much in the literature.*®
Although it may provide insight into the EA of players over longer periods, it is obviously prone to
error. However, it does provide a measurement of the EA based on all activities such as gym work,
walking/commuting, stair walking etc. For certain individuals, activities of daily living may also
possess EE qualifying as a training session. Nevertheless, this method is also prone to inaccuracies
in reported EI.” Given the high prevalence of LEA found in paper I1, as well as other studies
utilizing this approach,*® it is likely that the AEE overestimates the entity it is replacing (EEE),
causing exaggerated estimates of LEA. This approach may therefore be better suited for non-

athletic populations.

The measurement of direct EA is problematic for the above stated reasons, thereby rendering the
concept inherently flawed, outside of laboratory settings. Determination of LEA thresholds are
likely highly individual, thus questioning the application of universal thresholds.®>!? Finally, the
utilization of a surrogate marker in the form of RMR may be employed. However, neither this
measure is unproblematic, and evidence is ambiguous. Collectively, these constraints enhance the
appeal of direct measurement of REDs indicators as an alternative approach, as the outcome
variables described by the REDs model is what ultimately compromises athlete health, with LEA as
the causal factor.
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Measurement of REDs indicators

The evaluation of bodily systems, as delineated by the REDs model, presents interesting
possibilities, circumventing many of the shortcomings associated with measurement of EA.
However, this approach is not without limitations either, most notably the fact that many of the
proposed indicators do not exhibit robust causal relationship with the outcomes outlined by the
model.3! Furthermore, many of the cut-off values commonly applied in the literature lacks robust
evidence and require further examination. Biomarkers may also be sensitive to external factors,

causing misinterpretation of results.??

Paper Il investigated the TDEE of elite level female football players, utilizing the DLW method.*™
Defined as the factor by which total EE exceeds BMR,??° PAL serves as a proxy which enables
quantification and comparison of physical activity regardless of sex, anthropometrics, and body
composition. The Cunningham equation is the most used predictive model for estimating RMR in
the literature relating to female athlete health.'*8230.231 Nevertheless, our results in paper 1,
suggests that the Harris-Benedict equation, another popular method for estimating RMR, is more
accurate for this population.?? In paper 11, the difference between measured RMR and the Harris-
benedict estimation was 0.02. Conversely the difference between measured RMR and the
Cunningham estimation was 0.11. When using PAL to compare different populations, the
magnitude in difference seen between the measured level and the Cunningham equation may have
implications for determinants of EI, among other factors. As such, based on our results in paper II,
to go forward, it may be advised to apply the Harris-Benedict equation when using RMR as a

surrogate marker in female football players.

Study design

Fitting the aims of this thesis, we have used cross sectional (paper I, Il and V), prospective
observational (paper I1) and survey based (paper 11l and 1V) designs. Hence, It is important to
acknowledge that causal inference cannot be drawn,? and the design cannot provide information
about the longitudinal development of the symptoms and EA status. Further, while the cross-
sectional studies within the thesis offer a snapshot of the players’ status at the time of testing, it may
also inadvertently emphasize their current condition, without reflecting potential fluctuations over

time for certain measures.
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Generalizability

Following the classification system by McKay et al.,}"! the participants were classified as tier 3 or
tier 4, corresponding to highly trained/national and elite/international, respectively. According to
this classification, tier 5 (world class) will only encompass top players within the top teams in the
most competitive leagues. Our results show that energetic requirements are likely similar between
tier 3, 4 and 5 athletes, in women’s football. In terms of the LEAF-Q (paper I11), our findings are
likely generalizable to football players on all performance tiers. This assertation is grounded in the
inherent characteristics of the sport, which inflicts risk for both acute and impact injuries, regardless
of competition level. Although our cohort included participants from Europe, Asia, and the
Caribbean, it primarily represents a homogenous group of white athletes, operating in a Norwegian
sociocultural and sport context, which may limit the generalizability of our findings. This is also
reflective of most research conducted on LEA and REDs, in general.2” Considering the universal
nature of football, as well as biological processes and mechanisms, the psychological factors
studied may warrant particular consideration. In general, to robustly generalize findings in health

science research, replication of studies across diverse populations may be needed.?3

Perspectives

Prevention of LEA and REDs in practice

For female football players, the risk of REDs seems to be primarily individual in nature. As an
initial and non-invasive approach, universal strategies should be prioritized. Coaches and team
support staff should remain vigilant of indicators through established tools and metrics such as
internal/external load, menstrual function, and sleep, parameters that are now routinely monitored in
most clubs. Further, the insufficient CHO intake reported in paper Il, as well as in previous studies
among female footballers,*®2? requires practical consideration, especially since many players seem
to lack requisite nutritional knowledge.® One way to accommodate this is by focusing on
nutritional periodization. At present, evidence-based, and practical frameworks are available for
teams to adopt. If properly implemented, these frameworks can enable players to meet the
nutritional requirements, and serve as preventive measures against the development of LEA, and
subsequently REDs.?3 Table 4 provides a practical model for CHO periodization throughout a typical

one-match week, serving as an example to ensure that nutritional needs are met.
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Table 4. Example of practical model to “‘fuel for the work required” through CHO periodization in a tentative one

game week for starters. The framework is adapted from Anderson et al., % using data based on our findings with

permission from Taylor & Francis ® (Journal of Sports Science).

Load Breakfast During Lunch Snacks Dinner
training
Monday (MD Light Medium CHO High CHO Medium CHO Medium CHO
+2) 0.5-1 g/kg? 1.5 g/kg? 0.5-1 g/kg? 1g/kg?
Tuesday (MD- Medium Medium CHO Medium CHO Medium CHO
4) 0.5-1g/kg? 0.5-1 g/kg? 1g/kgt
Wednesday Hard Medium CHO High CHO Medium CHO Medium CHO
(MD-3) 1g/kg? 1.5-2 g/kg? 0.5-1 g/kg? 0.5-1 g/kg?
Thursday (MD Medium High CHO Medium CHO Medium CHO
-2) 1.5-2 g/kg? 0.5-1 g/kg? 0.5-1 g/kg?
Friday (MD-1) Light High CHO Medium CHO High CHO High CHO High CHO
2 g/kgt 40 g/hrt 2 g/kg? 1.5 g/kg? 1.5-2 g/kg?
Breakfast Pre-match During game Post-match
Saturday Very hard High CHO High CHO High CHO High CHO
(MD) 1.5-2 g/kg? 1.5-2 g/kgt 60 g/hrt 1 g/kg/hr ! for 4 hours
Breakfast During Lunch Snacks Dinner
training
Sunday No training High CHO No training High CHO High CHO High CHO
(MD+1) 2 g/kgt 1.5-2 g/kg? 1.5g/kg? 1.5 g/kg?

Carbohydrates = CHO; MD = Match Day.

Depending on their financial capacity, clubs should prioritize nutritional guidance, such as

appointing a dietician. This would ensure the successful implementation of specific nutritional

strategies and increase nutritional literacy, important for both performance and health. In certain

settings, adopting regular screening procedures comprising measures like blood markers, RMR,

BMD and psychological status assessment could aid early identification of athletes who might be at

risk for REDs. In combination with resources like the REDs clinical assessment tool, this may

provide practitioners with a more standardized approach to manage athlete health.®® However,

caution should be exercised when utilizing these procedures, considering their validity may not be

universally applicable. For instance, the commonly applied BMD Z-score threshold may not be as

relevant for female football players, as discussed in paper IV.
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Future research

Opinions regarding the risk LEA and REDs possesses to female football players remains equivocal.
Low energy availability is prevalent among female football players, with varying numbers reported,
depending on factors like time of season, level of competition, and age. 3650518384103 Racognizing
the limitations in measuring EA, alternative approaches like the energy balance method have been
suggested.?® This method emphasizes the use of more objective measures to quantify El, thereby
reducing substantial constraints from the EA measurement process, including participant burden. At
present, this method mainly possesses theoretical relevance within the context of athletic
populations. If validated, it could lead to advancements in enhancing the accuracy and reliability of

EA measurements.

Similar to LEA, using universal cut-off values for different REDs indicators is also a complex issue.
As most reference values and cut-offs are derived from the general population, it may not be
directly transferrable to athletic cohorts.8218.23 This is further complicated by interindividual
variation that can exist within these ranges. Adopting longitudinal repeated measure designs may
mitigate such variations and improve our understanding of these issues, including
exposure/outcome variables.?*” Incorporating analytical approaches, such as Bayesian statistics,
could further refine these analyses by utilizing population-based prior distributions to establish
athlete-specific reference ranges, depending on the heterogeneity of the indicator and distribution
under study. 28239 While it was feasible to analyze the correlation between different measures of EA
(i.e., direct vs surrogate) and associated risk factors within our data set, we chose not to. This
decision was influenced by the fact that RMR likely reflects the metabolic state of preceding
behavior, including possible adaptations to energy deficiency, as opposed to direct EA. Therefore,
to extract meaningful insights from such analyses, it would be advisable in future research to follow

the proposed study designs, including simultaneous measurements of both methods.

As delineated in paper |11, the LEAF-Q proved unsuitable for female football players due to the
distinctive differences of football compared to the sports for which the questionnaire was
developed.!®” Thus, future research should also aim to develop an easily administrated screening
questionnaire validated for football to be used on a regular basis for monitoring purposes.

Considering the energetic demands of football, it seems probable that challenges associated with
LEA and REDs are primarily attributable to insufficient El, possibly driven by psychological
factors.% It is therefore coherent to focus on these elements, to effectively address underlying issues

of REDs and LEA. In light of the extensive body of research addressing the prevalence of LEA,
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further studies on the specific prevalence may be of diminished priority, as practical impact is of
higher importance. Hence, increasing our understanding of “objective” indicators, such as blood

markers that reflect the physiological state of an individual, emerge as another interesting direction
for future research on these complex matters.
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Conclusion

Current generation of tracking devices fails to provide accurate estimates of EEE,
consequently undermining the assessment of EA in intermittent sports, such as football.

- Female football players display moderate levels of EE and generally consume inadequate
amounts of CHO, with little sign of nutritional periodization, suggesting a need for better

nutritional education to support optimal health and performance.

- The estimated prevalence of LEA in football is substantial, however, due to measurement

errors associated with the applied methodologies, the reported numbers are likely inflated.

- The LEAF-Q is not suitable as a screening tool for female football players and is therefore

not advisable for application in this population.

- Some female football players may be at risk for developing REDs, emphasizing the

importance of team support staff to be aware of pervasive REDs-indicators.

57



References

1.

10.

11.

12.

13.

14.

15.

16.

The football landscape — The Vision 2020-2023 [Internet]. FIFA Publications. Available from:
https://publications.fifa.com/en/vision-report-2021/the-football-landscape/

Archer A, Prange M. ‘Equal play, equal pay’: moral grounds for equal pay in football. J Philos Sport.
2019 Sep 2;46(3):416-36.

Culvin A, Bowes A. The incompatibility of motherhood and professional women’s football in
england. Front Sports Act Living [Internet]. 2021 [cited 2023 Jan 26];3. Available from:
https://www.frontiersin.org/articles/10.3389/fspor.2021.730151

Kirkendall DT. Evolution of soccer as a research topic. Prog Cardiovasc Dis. 2020;63(6):723-9.

Emmonds S, Heyward O, Jones B. The challenge of applying and undertaking research in female
sport. Sports Med - Open. 2019 Dec 12;5(1):51.

Okholm Kryger K, Wang A, Mehta R, Impellizzeri FM, Massey A, McCall A. Research on women’s
football: a scoping review. Sci Med Footb. 2022 Dec 1;6(5):549-58.

Steffen K, Soligard T, Engebretsen L. Health protection of the Olympic athlete. Br J Sports Med.
2012 Jun 1;46(7):466-70.

Mountjoy M, Sundgot-Borgen J, Burke L, Carter S, Constantini N, Lebrun C, et al. The 10C
consensus statement: beyond the Female Athlete Triad—Relative Energy Deficiency in Sport (RED-
S). Br J Sports Med. 2014;48(7):491-7.

Clarsen B, Rgnsen O, Myklebust G, Flgrenes TW, Bahr R. The Oslo Sports Trauma Research Center
guestionnaire on health problems: a new approach to prospective monitoring of illness and injury in
elite athletes. Br J Sports Med. 2014;48(9):754-60.

van Mechelen W, Hlobil H, Kemper HCG. Incidence, severity, aetiology and prevention of sports
injuries. Sports Med. 1992 Aug 1;14(2):82-99.

Scott D, Haigh J, Lovell R. Physical characteristics and match performances in women’s international
versus domestic-level football players: a 2-year, league-wide study. Sci Med Footb. 2020 Jul
2;4(3):211-5.

Randell RK, Clifford T, Drust B, Moss SL, Unnithan VB, De Ste Croix MBA, et al. Physiological
characteristics of female soccer players and health and performance considerations: a narrative
review. Sports Med. 2021 Jul 1;51(7):1377-99.

Moss SL, Randell RK, Burgess D, Ridley S, OcCaireallain C, Allison R, et al. Assessment of energy
availability and associated risk factors in professional female soccer players. Eur J Sport Sci. 2020;1—
10.

Nassis GP, Massey A, Jacobsen P, Brito J, Randers MB, Castagna C, et al. Elite football of 2030 will
not be the same as that of 2020: Preparing players, coaches, and support staff for the evolution. Scand
J Med Sci Sports. 2020;30(6):962—4.

Areta JL, Elliott-Sale KJ. Nutrition for female athletes: What we know, what we don’t know, and
why. Eur J Sport Sci. 2022 May 4;22(5):669-71.

Loucks AB. Energy balance and body composition in sports and exercise. J Sports Sci. 2004;22(1):1-
14.

58



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Brinkmans NY, ledema N, Plasqui G, Wouters L, Saris WH, van Loon LJ, et al. Energy expenditure
and dietary intake in professional football players in the Dutch Premier League: Implications for
nutritional counselling. J Sports Sci. 2019;37(24):2759-67.

Anderson L, Orme P, Naughton RJ, Close GL, Milsom J, Rydings D, et al. Energy intake and
expenditure of professional soccer players of the english premier league: evidence of carbohydrate
periodization. Int J Sport Nutr Exerc Metab. 2017 Jun 1;27(3):228-38.

Bloomfield J, Polman R, O’Donoghue P. Physical demands of different positions in FA Premier
League soccer. J Sports Sci Med. 2007;6(1):63.

Bush M, Barnes C, Archer DT, Hogg B, Bradley PS. Evolution of match performance parameters for
various playing positions in the English Premier League. Hum Mov Sci. 2015;39:1-11.

Collins J, Maughan RJ, Gleeson M, Bilsborough J, Jeukendrup A, Morton JP, et al. UEFA expert
group statement on nutrition in elite football. Current evidence to inform practical recommendations
and guide future research. Br J Sports Med. 2021;55(8):416-416.

Kuikman MA, Smith ES, McKay AKA, Ackerman KE, Harris R, Elliott-Sale KJ, et al. Fuelling the
female athlete: auditing her representation in studies of acute carbohydrate intake for exercise. Med
Sci Sports Exerc [Internet]. 2022 Oct 14 [cited 2022 Nov 29];Publish Ahead of Print. Available from:
https://journals.lww.com/10.1249/MSS.0000000000003056

Anderson L, Drust B, Close GL, Morton JP. Physical loading in professional soccer players:
Implications for contemporary guidelines to encompass carbohydrate periodization. J Sports Sci.
2022 May 3;40(9):1000-19.

Loucks AB. Exercise training in the normal female: effects of low energy availability on reproductive
function. In: Endocrinology of physical activity and sport. Springer; 2020. p. 171-91.

Areta JL, Taylor HL, Koehler K. Low energy availability: history, definition and evidence of its
endocrine, metabolic and physiological effects in prospective studies in females and males. Eur J
Appl Physiol. 2021 Jan 1;121(1):1-21.

De Souza MJ, Koltun KJ, Etter CV, Southmayd EA. Current status of the female athlete triad: update
and future directions. Curr Osteoporos Rep. 2017;15(6):577-87.

Mountjoy M, Sundgot-Borgen JK, Burke LM, Ackerman KE, Blauwet C, Constantini N, et al. IOC
consensus statement on relative energy deficiency in sport (RED-S): 2018 update. Br J Sports Med.
2018;52(11):687-97.

Drinkwater BL, Nilson K, Chesnut 11l CH, Bremner WJ, Shainholtz S, Southworth MB. Bone mineral
content of amenorrheic and eumenorrheic athletes. N Engl J Med. 1984;311(5):277-81.

Yeager KK, Agostini R, Nattiv A, Drinkwater B. The female athlete triad: disordered eating,
amenorrhea, osteoporosis. Med Sci Sports Exerc. 1993/07/01 ed. 1993 Jul;25(7):775-7.

Nattiv A, Loucks AB, Manore MM, Sanborn CF, Sundgot-Borgen J, Warren MP. American College
of Sports Medicine position stand. The female athlete triad. Med Sci Sports Exerc. 2007/10/03 ed.
2007 Oct;39(10):1867-82.

Williams NI, Koltun KJ, Strock NC, De Souza MJ. Female athlete triad and relative energy
deficiency in sport: A focus on scientific rigor. Exerc Sport Sci Rev. 2019;47(4):197-205.

Costello JT, Bieuzen F, Bleakley CM. Where are all the female participants in Sports and Exercise
Medicine research? Eur J Sport Sci. 2014 Nov 17;14(8):847-51.

59



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Speakman J. Doubly Labelled Water: Theory and Practice. Springer Science & Business Media;
1997. 420 p.

Winther AK, Baptista I, Pedersen S, Randers MB, Johansen D, Krustrup P, et al. Position specific
physical performance and running intensity fluctuations in elite women’s football. Scand J Med Sci
Sports. 2022;32(S1):105-14.

Baptista I, Winther AK, Johansen D, Randers MB, Pedersen S, Pettersen SA. The variability of
physical match demands in elite women’s football. Sci Med Footb. 2022 Dec 1;6(5):559-65.

Bradley PS, Dellal A, Mohr M, Castellano J, Wilkie A. Gender differences in match performance
characteristics of soccer players competing in the UEFA Champions League. Hum Mov Sci. 2014
Feb 1;33:159-71.

Scott CB. Contribution of anaerobic energy expenditure to whole body thermogenesis. Nutr Metab.
2005 Jun 15;2(1):14.

Osgnach C, Poser S, Bernardini R, Rinaldo R, di Prampero PE. Energy cost and metabolic power in
elite soccer: a new match analysis approach. Med Sci Sports Exerc. 2009/12/17 ed. 2010
Jan;42(1):170-8.

Osgnach C, di Prampero PE. Metabolic Power and Oxygen Consumption in Soccer: Facts and
Theories. In: Morin JB, Samozino P, editors. Biomechanics of Training and Testing: Innovative
Concepts and Simple Field Methods [Internet]. Cham: Springer International Publishing; 2018. p.
299-314. Available from: https://doi.org/10.1007/978-3-319-05633-3 13

di Prampero PE, Fusi S, Sepulcri L, Morin JB, Belli A, Antonutto G. Sprint running: a new energetic
approach. J Exp Biol. 2005/07/08 ed. 2005 Jul;208(Pt 14):2809-16.

Brown DM, Dwyer DB, Robertson SJ, Gastin PB. Metabolic power method: Underestimation of
energy expenditure in field-sport movements using a global positioning system tracking system. Int J
Sports Physiol Perform. 2016;11(8):1067—73.

Stevens TG, De Ruiter CJ, Van Maurik D, Van Lierop CJ, Savelsbergh GJ, Beek PJ. Measured and
estimated energy cost of constant and shuttle running in soccer players. Med Sci Sports Exerc.
2014/09/12 ed. 2015 Jun;47(6):1219-24.

Buchheit M, Manouvrier C, Cassirame J, Morin JB. Monitoring locomotor load in soccer: is
metabolic power, powerful. Int J Sports Med. 2015;36(14):1149-55.

Sandbakk @, Solli GS, Holmberg HC. Sex Differences in World-Record Performance: The Influence
of Sport Discipline and Competition Duration. Int J Sports Physiol Perform. 2018 Jan 1;13(1):2-8.

Hoppe MW, Baumgart C, Polglaze T, Freiwald J. Validity and reliability of GPS and LPS for
measuring distances covered and sprint mechanical properties in team sports. PLOS ONE.
2018;13(2):0192708.

Morehen JC, Rosimus C, Cavenagh BP, Hambly C, Speakman JR, Elliot-Sale KJ, et al. Energy
expenditure of female international standard soccer players: a doubly labeled water investigation.
Med Sci Sports Exerc. 2022;54(5):769-79.

Andersson HA, Randers MB, Heiner-Mgller A, Krustrup P, Mohr M. Elite female soccer players

perform more high-intensity running when playing in international games compared with domestic
league games. J Strength Cond Res. 2010 Apr;24(4):912.

60



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Manson SA, Brughelli M, Harris NK. Physiological characteristics of international female soccer
players. J Strength Cond Res. 2014 Feb;28(2):308.

Mohr M, Krustrup P, Andersson H, Kirkendal D, Bangsbo J. Match activities of elite women soccer
players at different performance levels. J Strength Cond Res. 2008 Mar;22(2):341.

Braun H, von Andrian-Werburg J, Schanzer W, Thevis M. Nutrition status of young elite female
German football players. Pediatr Exerc Sci. 2018;30(1):157-67.

Reed JL, De Souza MJ, Williams NI. Changes in energy availability across the season in Division |
female soccer players. J Sports Sci. 2013 Feb 1;31(3):314-24.

Burke LM, Loucks AB, Broad N. Energy and carbohydrate for training and recovery. J Sports Sci.
2006;24(07):675-85.

Mohr M, Vigh-Larsen JF, Krustrup P. Muscle glycogen in elite soccer — A perspective on the
implication for performance, fatigue, and recovery. Front Sports Act Living [Internet]. 2022 Apr;4.
Available from: https://www.frontiersin.org/article/10.3389/fspor.2022.876534

Newham DJ. The consequences of eccentric contractions and their relationship to delayed onset
muscle pain. Eur J Appl Physiol. 1988;57(3):353-9.

Mohr M, Brito J, de Sousa M, Pettersen SA. Executive summary: Elite women’s football—
Performance, recovery, diet, and health. Scand J Med Sci Sports. 2022;32(S1):3-6.

Krustrup P, Ortenblad N, Nielsen J, Nybo L, Gunnarsson TP, laia FM, et al. Maximal voluntary
contraction force, SR function and glycogen resynthesis during the first 72 h after a high-level
competitive soccer game. Eur J Appl Physiol. 2011 Dec;111(12):2987-95.

Impey SG, Hearris MA, Hammond KM, Bartlett JD, Louis J, Close GL, et al. Fuel for the work
required: a theoretical framework for carbohydrate periodization and the glycogen threshold
hypothesis. Sports Med. 2018 May 1;48(5):1031-48.

McKay AK, Peeling P, Pyne DB, Tee N, Whitfield J, Sharma AP, et al. Six days of low carbohydrate,
not energy availability, alters the iron and immune response to exercise in elite athletes. Med Sci
Sports Exerc. 2022;54:377-87.

Fensham NC, Heikura IA, McKay AKA, Tee N, Ackerman KE, Burke LM. Short-term carbohydrate
restriction impairs bone formation at rest and during prolonged exercise to a greater degree than low
energy availability. J Bone Miner Res. 2022;37(10):1915-25.

Morton R, McGlory C, Phillips S. Nutritional interventions to augment resistance training-induced
skeletal muscle hypertrophy. Front Physiol [Internet]. 2015 Sep;6(245). Available from:
https://www.frontiersin.org/article/10.3389/fphys.2015.00245

de Sousa MV, Lundsgaard AM, Christensen PM, Christensen L, Randers MB, Mohr M, et al.
Nutritional optimization for female elite football players—topical review. Scand J Med Sci Sports.
2022;32(S1):81-104.

Loucks AB, Heath EM. Induction of low-T3 syndrome in exercising women occurs at a threshold of
energy availability. Am J Physiol-Regul Integr Comp Physiol. 1994;266(3):R817-23.

Loucks AB, Thuma JR. Luteinizing hormone pulsatility is disrupted at a threshold of energy
availability in regularly menstruating women. J Clin Endocrinol Metab. 2003;88(1):297-311.

61



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Williams N, Killer S, Svendsen I, Jones A. Immune nutrition and exercise: Narrative review and
practical recommendations. Eur J Sport Sci. 2018 Jul 5;19:1-13.

De Souza MJ, Koltun KJ, Strock NC, Williams NI. Rethinking the concept of an energy availability
threshold and its role in the female athlete triad. Curr Opin Physiol. 2019;10:35-42.

Taylor HL, Garabello G, Pugh J, Morton J, Langan-Evans C, Louis J, et al. Patterns of energy
availability of free-living athletes display day-to-day variability that is not reflected in laboratory-
based protocols: Insights from elite male road cyclists. J Sports Sci. 2022 Sep 5;0(0):1-8.

Heikura IA, Stellingwerff T, Areta JL. Low energy availability in female athletes: From the lab to the
field. Eur J Sport Sci. 2021;1-11.

Loucks AB. The response of luteinizing hormone pulsatility to 5 days of low energy availability
disappears by 14 years of gynecological age. J Clin Endocrinol Metab. 2006;91(8):3158-64.

Loucks AB, Verdun M, Heath EM. Low energy availability, not stress of exercise, alters LH
pulsatility in exercising women. J Appl Physiol. 1998 Jan;84(1):37—46.

Papageorgiou M, Elliott-Sale KJ, Parsons A, Tang JC, Greeves JP, Fraser WD, et al. Effects of
reduced energy availability on bone metabolism in women and men. Bone. 2017;105:191-9.

Papageorgiou M, Martin D, Colgan H, Cooper S, Greeves JP, Tang JCY, et al. Bone metabolic
responses to low energy availability achieved by diet or exercise in active eumenorrheic women.
Bone. 2018 Sep 1;114:181-8.

Melin AK, Areta JL, Heikura IA, Stellingwerff T, Torstveit MK, Hackney AC. Direct and indirect
impact of low energy availability on sports performance. Scand J Med Sci Sports. 2023;1-23.

Burke LM, Whitfield J, Ross MLR, Tee N, Sharma AP, King AJ, et al. Short severe energy restriction
with refueling reduces body mass without altering training-associated performance improvement.
Med Sci Sports Exerc. 2023 Aug;55(8):1487.

Sundgot-Borgen J, Garthe I. Elite athletes in aesthetic and Olympic weight-class sports and the
challenge of body weight and body compositions. J Sports Sci. 2011 Jan 1;29(sup1):5101-14.

Burke LM, Lundy B, Fahrenholtz IL, Melin AK. Pitfalls of conducting and interpreting estimates of
energy availability in free-living athletes. Int J Sport Nutr Exerc Metab. 2018 Jul 1;28(4):350.

Capling L, Beck KL, Gifford JA, Slater G, Flood VM, O’Connor H. Validity of dietary assessment in
athletes: a systematic review. Nutrients. 2017;9(12):1313.

Stglen T, Chamari K, Castagna C, Wislgff U. Physiology of Soccer. Sports Med. 2005 Jun
1;35(6):501-36.

Dasa MS, Friborg O, Kristoffersen M, Pettersen G, Sundgot-Borgen J, Rosenvinge JH. Accuracy of
tracking devices’ ability to assess exercise energy expenditure in professional female soccer players:
implications for quantifying energy availability. Int J Environ Res Public Health. 2022;19(8):4770.

Onnik L, Mooses M, Suvi S, Haile DW, Ojiambo R, Lane AR, et al. Prevalence of Triad-RED-S
symptoms in high-level Kenyan male and female distance runners and corresponding control groups.
Eur J Appl Physiol. 2022 Jan 1;122(1):199-208.

Rogers MA, Appaneal RN, Hughes D, Vlahovich N, Waddington G, Burke LM, et al. Prevalence of
impaired physiological function consistent with Relative Energy Deficiency in Sport (RED-S): an
Australian elite and pre-elite cohort. Br J Sports Med. 2021;55(1):38-45.

62



81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Stengvist TB, Melin AK, Garthe I, Slater G, Paulsen G, Iraki J, et al. Prevalence of surrogate markers
of Relative Energy Deficiency in male Norwegian Olympic-level athletes. Int J Sport Nutr Exerc
Metab. 2021;31(6):497-506.

Melin A, Tornberg AB, Skouby S, Faber J, Ritz C, Sjodin A, et al. The LEAF questionnaire: a
screening tool for the identification of female athletes at risk for the female athlete triad. Br J Sports
Med. 2014/02/25 ed. 2014 Apr;48(7):540-5.

Magee MK, Lockard BL, Zabriskie HA, Schaefer AQ, Luedke JA, Erickson JL, et al. Prevalence of
low energy availability in collegiate women soccer athletes. J Funct Morphol Kinesiol. 2020;5(4):96.

Dobrowolski H, Wlodarek D. Low energy availability in group of Polish female soccer players. Rocz
Panstw Zaktadu Hig. 2020;71(1).

Hargreaves M, Spriet LL. Skeletal muscle energy metabolism during exercise. Nat Metab. 2020
Sep;2(9):817-28.

Kenney WL, Wilmore JH, Costill DL. Physiology of sport and exercise. Human kinetics; 2021.

Burke LM, Hawley JA, Wong SHS, Jeukendrup AE. Carbohydrates for training and competition. J
Sports Sci. 2011;29 Suppl 1:517-27.

Burke LM, Kiens B, lvy JL. Carbohydrates and fat for training and recovery. J Sports Sci. 2004
Jan;22(1):15-30.

Heikura IA, Burke LM, John HA, Megan RL, Garvican-Lewis L, Sharma AP, et al. A short-term
ketogenic diet impairs markers of bone health in response to exercise. Front Endocrinol. 2020;10.

Cermak NM, van Loon LJC. The use of carbohydrates during exercise as an ergogenic aid. Sports
Med Auckl NZ. 2013 Nov;43(11):1139-55.

Burke LM, Ross ML, Garvican-Lewis LA, Welvaert M, Heikura IA, Forbes SG, et al. Low
carbohydrate, high fat diet impairs exercise economy and negates the performance benefit from
intensified training in elite race walkers. J Physiol. 2017;595(9):2785-807.

McHaffie SJ, Langan-Evans C, Morehen JC, Strauss JA, Areta JL, Rosimus C, et al. Carbohydrate
fear, skinfold targets and body image issues: A qualitative analysis of player and stakeholder
perceptions of the nutrition culture within elite female soccer. Sci Med Footb. 2022;(just-accepted).

De Souza MJ, Koltun KJ, Williams NI. The Role of Energy Availability in Reproductive Function in
the Female Athlete Triad and Extension of its Effects to Men: An Initial Working Model of a Similar
Syndrome in Male Athletes. Sports Med Auckl Nz. 2019;49(Suppl 2):125-37.

Dipla K, Kraemer RR, Constantini NW, Hackney AC. Relative energy deficiency in sports (RED-S):
elucidation of endocrine changes affecting the health of males and females. Hormones. 2021 Mar
1;20(1):35-47.

Trexler ET, Smith-Ryan AE, Norton LE. Metabolic adaptation to weight loss: implications for the
athlete. J Int Soc Sports Nutr. 2014 Aug 15;11(1):7.

Mountjoy M, Sundgot-Borgen J, Burke L, Carter S, Constantini N, Lebrun C, et al. The 10C relative
energy deficiency in sport clinical assessment tool (RED-S CAT). 2015;

Plasqui G, Rietjens G, Lambriks L, Wouters L, Saris WH. Energy expenditure during extreme
endurance exercise: The Giro d’Italia. Med Sci Sports Exerc. 2019;51(3):568-74.

63



98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Dobrowolski H, Wlodarek D. Dietary intake of Polish female soccer players. Int J Environ Res Public
Health. 2019 Jan;16(7):1134.

Ledo C, Mendes AP, Custodio C, Ng M, Ribeiro N, Loureiro N, et al. Nutritional intake and training
load of professional female football players during a mid-season microcycle. Nutrients. 2022 May
21;14(10):2149.

Luszczki E, Jagielski P, Bartosiewicz A, Kuchciak M, Deren K, Stolarczyk A, et al. The LEAF
guestionnaire is a good screening tool for the identification of the Female Athlete Triad/Relative
Energy Deficiency in Sport among young football players. PeerJ. 2021;9:e12118.

Parker LJF, Elliott-Sale KJ, Hannon M, Morton JP, Close GL. Where do you go when your periods
go?: A case-study examining secondary amenorrhea in a professional internationally-capped female
soccer player through the lens of the sport nutritionist. Sci Med Footb. 2022 Dec 1;6(5):643-9.

Prather H, Hunt D, McKeon K, Simpson S, Meyer EB, Yemm T, et al. Are elite female soccer
athletes at risk for disordered eating attitudes, menstrual dysfunction, and stress fractures? PM&R.
2016 Mar 1;8(3):208-13.

Reed JL, De Souza MJ, Kindler JM, Williams NI. Nutritional practices associated with low energy
availability in Division | female soccer players. J Sports Sci. 2014 Oct 2;32(16):1499-509.

Logue DM, Madigan SM, Melin A, Delahunt E, Heinen M, Donnell SIJM, et al. Low energy
availability in athletes 2020: An updated narrative review of prevalence, risk, within-day energy
balance, knowledge, and impact on sports performance. Nutrients. 2020;12(3):835.

Cabre H, Moore S, Smith-Ryan A, Hackney A. Relative energy deficiency in sport (RED-S):
scientific, clinical, andpractical implications for the female athlete. Dtsch Z Fir Sportmed J Sports
Med. 2022 Jul 1;73(7):225-34.

Silva JR, Brito J, Akenhead R, Nassis GP. The transition period in soccer: a window of opportunity.
Sports Med. 2016 Mar 1;46(3):305-13.

Boisseau N, Isacco L. Substrate metabolism during exercise: Sexual dimorphism and women’s
specificities. Eur J Sport Sci. 2022;22(5):672-83.

Tarnopolsky MA. Sex differences in exercise metabolism and the role of 17-beta estradiol. Med Sci
Sports Exerc. 2008 Apr;40(4):648.

Davies KJA. Adaptive homeostasis. Mol Aspects Med. 2016 Jun 1;49:1-7.

Reed BG, Carr BR. The normal menstrual cycle and the control of ovulation. In: Feingold KR,
Anawalt B, Blackman MR, Boyce A, Chrousos G, Corpas E, et al., editors. Endotext [Internet]. South
Dartmouth (MA): MDText.com, Inc.; 2000. Available from:
http://www.ncbi.nlm.nih.gov/books/NBK279054/

Mihm M, Gangooly S, Muttukrishna S. The normal menstrual cycle in women. Anim Reprod Sci.
2011 Apr 1;124(3):229-36.

Oosthuyse T, Strauss JA, Hackney AC. Understanding the female athlete: molecular mechanisms
underpinning menstrual phase differences in exercise metabolism. Eur J Appl Physiol [Internet]. 2022
Nov 19; Available from: https://doi.org/10.1007/s00421-022-05090-3

Shirley MK, Longman DP, Elliott-Sale KJ, Hackney AC, Sale C, Dolan E. A life history perspective
on athletes with low energy availability. Sports Med. 2022 Jun 1;52(6):1223-34.

64



114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124,

125.

126.

127.

128.

Elliott-Sale KJ, Tenforde AS, Parziale AL, Holtzman B, Ackerman KE. Endocrine effects of relative
energy deficiency in sport. Int J Sport Nutr Exerc Metab. 2018;28(4):335-49.

Wade GN, Schneider JE. Metabolic fuels and reproduction in female mammals. Neurosci Biobehav
Rev. 1992;16(2):235-72.

Koltun KJ, De Souza MJ, Scheid JL, Williams NI. Energy availability is associated with luteinizing
hormone pulse frequency and induction of luteal phase defects. J Clin Endocrinol Metab. 2019 Sep
20;105(1):185-93.

McNulty KL, Elliott-Sale KJ, Dolan E, Swinton PA, Ansdell P, Goodall S, et al. The effects of
menstrual cycle phase on exercise performance in eumenorrheic women: a systematic review and
meta-analysis. Sports Med. 2020 Oct 1;50(10):1813-27.

Langbein RK, Martin D, Allen-Collinson J, Crust L, Jackman PC. “T’d got self-destruction down to a
fine art”: a qualitative exploration of relative energy deficiency in sport (RED-S) in endurance
athletes. J Sports Sci. 2021;39(14):1555-64.

Rivera R, Yacobson I, Grimes D. The mechanism of action of hormonal contraceptives and
intrauterine contraceptive devices. Am J Obstet Gynecol. 1999 Nov 1;181(5):1263-9.

Sims ST, Heather AK. Myths and Methodologies: Reducing scientific design ambiguity in studies
comparing sexes and/or menstrual cycle phases. Exp Physiol. 2018;103(10):1309-17.

Martin D, Sale C, Cooper SB, Elliott-Sale KJ. Period prevalence and perceived side effects of
hormonal contraceptive use and the menstrual cycle in elite athletes. Int J Sports Physiol Perform.
2018 Aug 1;13(7):926-32.

Parker LJ, Elliott-Sale KJ, Hannon MP, Morton JP, Close GL. An audit of hormonal contraceptive
use in Women’s Super League soccer players; implications on symptomology. Sci Med Footb. 2022
Apr 3;6(2):153-8.

Joy E, De Souza MJ, Nattiv A, Misra M, Williams NI, Mallinson RJ, et al. 2014 female athlete triad
coalition consensus statement on treatment and return to play of the female athlete triad. Curr Sports
Med Rep. 2014 Aug;13(4):219.

Gordon CM, Ackerman KE, Berga SL, Kaplan JR, Mastorakos G, Misra M, et al. Functional
hypothalamic amenorrhea: an endocrine society clinical practice guideline. J Clin Endocrinol Metab.
2017 May 1;102(5):1413-39.

Lieberman JL, De Souza MJ, Wagstaff DA, Williams NI. Menstrual disruption with exercise is not
linked to an energy availability threshold. Med Sci Sports Exerc. 2018;50(3):551.

Williams NI, Leidy HJ, Hill BR, Lieberman JL, Legro RS, Souza MJD. Magnitude of daily energy
deficit predicts frequency but not severity of menstrual disturbances associated with exercise and
caloric restriction. Am J Physiol-Endocrinol Metab. 2015 Jan;308(1):E29-39.

Loucks AB, Heath EM. Dietary restriction reduces luteinizing hormone (LH) pulse frequency during
waking hours and increases LH pulse amplitude during sleep in young menstruating women. J Clin
Endocrinol Metab. 1994 Apr 1;78(4):910-5.

Barrack MT, Gibbs JC, De Souza MJ, Williams NI, Nichols JF, Rauh MJ, et al. Higher incidence of

bone stress injuries with increasing female athlete triad—related risk factors: a prospective multisite
study of exercising girls and women. Am J Sports Med. 2014 Apr 1;42(4):949-58.

65



129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

Santos L, Elliott-Sale KJ, Sale C. Exercise and bone health across the lifespan. Biogerontology.
2017;18(6):931-46.

Turner CH. Three rules for bone adaptation to mechanical stimuli. Bone. 1998 Nov 1;23(5):399-407.

Taaffe DR, Snow-Harter C, Connolly DA, Robinson TL, Brown MD, Marcus R. Differential effects
of swimming versus weight-bearing activity on bone mineral status of eumenorrheic athletes. J Bone
Miner Res. 1995;10(4):586-93.

Shuhart CR, Yeap SS, Anderson PA, Jankowski LG, Lewiecki EM, Morse LR, et al. Executive
summary of the 2019 ISCD position development conference on monitoring treatment, dxa cross-
calibration and least significant change, spinal cord injury, peri-prosthetic and orthopedic bone health,
transgender medicine, and pediatrics. J Clin Densitom. 2019 Oct 1;22(4):453-71.

Jonvik KL, Torstveit MK, Sundgot-Borgen J, Mathisen TF. Do we need to change the guideline
values for determining low bone mineral density in athletes? J Appl Physiol. 2022;132(5):1320-2.

Vasikaran S, Eastell R, Bruyére O, Foldes AJ, Garnero P, Griesmacher A, et al. Markers of bone
turnover for the prediction of fracture risk and monitoring of osteoporosis treatment: a need for
international reference standards. Osteoporos Int. 2011 Feb 1;22(2):391-420.

Kim B. Thyroid hormone as a determinant of energy expenditure and the basal metabolic rate.
Thyroid. 2008 Feb;18(2):141-4.

Margetic S, Gazzola C, Pegg GG, Hill RA. Leptin: a review of its peripheral actions and interactions.
Int J Obes Relat Metab Disord J Int Assoc Study Obes. 2002 Nov;26(11):1407-33.

Strohacker K, McCaffery J, MacLean P, Wing R. Adaptations of leptin, ghrelin or insulin during
weight loss as predictors of weight regain: a review of current literature. Int J Obes 2005. 2014
Mar;38(3):388-96.

Siedler MR, De Souza MJ, Albracht-Schulte K, Sekiguchi Y, Tinsley GM. The influence of energy
balance and availability on resting metabolic rate: implications for assessment and future research
directions. Sports Med [Internet]. 2023 May 22 [cited 2023 Jun 5]; Available from:
https://doi.org/10.1007/s40279-023-01856-7

Strock NCA, Koltun KJ, Southmayd EA, Williams NI, De Souza MJ. Indices of resting metabolic
rate accurately reflect energy deficiency in exercising women. Int J Sport Nutr Exerc Metab. 2020 Jan
1;30(1):14-24.

Rogers MA, Drew MK, Appaneal R, Lovell G, Lundy B, Hughes D, et al. The utility of the Low
Energy Availability in Females Questionnaire to detect markers consistent with low energy
availability-related conditions in a mixed-sport cohort. Int J Sport Nutr Exerc Metab. 2021;31(5):427—
37.

White CR, Seymour RS. Mammalian basal metabolic rate is proportional to body mass2/3. Proc Natl
Acad Sci. 2003 Apr;100(7):4046-9.

Extreme events reveal an alimentary limit on sustained maximal human energy expenditure | Science
Advances [Internet]. [cited 2022 Dec 20]. Available from:
https://www.science.org/doi/full/10.1126/sciadv.aaw0341

MacLean PS, Bergouignan A, Cornier MA, Jackman MR. Biology’s response to dieting: the impetus
for weight regain. Am J Physiol-Regul Integr Comp Physiol. 2011 Sep;301(3):R581-600.

66



144,

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

Pontzer H. Constrained total energy expenditure and the evolutionary biology of energy balance.
Exerc Sport Sci Rev. 2015 Jul;43(3):110.

Pontzer H, Durazo-Arvizu R, Dugas LR, Plange-Rhule J, Bovet P, Forrester TE, et al. Constrained
total energy expenditure and metabolic adaptation to physical activity in adult humans. Curr Biol.
2016 Feb 8;26(3):410-7.

Drew MK, Vlahovich N, Hughes D, Appaneal R, Peterson K, Burke L, et al. A multifactorial
evaluation of illness risk factors in athletes preparing for the Summer Olympic Games. J Sci Med
Sport. 2017 Aug;20(8):745-50.

Shimizu K, Suzuki N, Nakamura M, Aizawa K, Imai T, Suzuki S, et al. Mucosal immune function
comparison between amenorrheic and eumenorrheic distance runners. J Strength Cond Res. 2012
May;26(5):1402.

Walrand S, Moreau K, Caldefie F, Tridon A, Chassagne J, Portefaix G, et al. Specific and nonspecific
immune responses to fasting and refeeding differ in healthy young adult and elderly persons. Am J
Clin Nutr. 2001 Nov 1;74(5):670-8.

McGuire A, Warrington G, Doyle L. Low energy availability in male athletes: A systematic review of
incidence, associations, and effects. Transl SPORTS Med. 2020;3(3):173-87.

Sachs KV, Harnke B, Mehler PS, Krantz MJ. Cardiovascular complications of anorexia nervosa: A
systematic review. Int J Eat Disord. 2016;49(3):238-48.

Meczekalski B, Podfigurna-Stopa A, Katulski K. Long-term consequences of anorexia nervosa.
Maturitas. 2013 Jul 1;75(3):215-20.

Loucks AB. Energy availability and infertility. Curr Opin Endocrinol Diabetes Obes. 2007
Dec;14(6):470-4.

Rickenlund A, Eriksson MJ, Schenck-Gustafsson K, Hirschberg AL. Amenorrhea in female athletes
is associated with endothelial dysfunction and unfavorable lipid profile. J Clin Endocrinol Metab.
2005 Mar;90(3):1354-9.

Jurov I, Keay N, Hadzi¢ V, Spudi¢ D, Rauter S. Relationship between energy availability, energy
conservation and cognitive restraint with performance measures in male endurance athletes. J Int Soc
Sports Nutr. 2021 Mar 18;18(1):24.

Bomba M, Gambera A, Bonini L, Peroni M, Neri F, Scagliola P, et al. Endocrine profiles and
neuropsychologic correlates of functional hypothalamic amenorrhea in adolescents. Fertil Steril.
2007,87(4):876-85.

Gillbanks L, Mountjoy M, Filbay SR. Lightweight rowers’ perspectives of living with Relative
Energy Deficiency in Sport (RED-S). PLOS ONE. 2022 Mar 17;17(3):e0265268.

Carson TL, West BT, Sonneville K, Zernicke RF, Clarke P, Harlow S, et al. Identifying latent classes
of Relative Energy Deficiency in Sport (RED-S) consequences in a sample of collegiate female cross
country runners. Br J Sports Med. 2023 Feb 1;57(3):153-9.

Karrer Y, Halioua R, Métteli S, Iff S, Seifritz E, Jager M, et al. Disordered eating and eating disorders
in male elite athletes: a scoping review. BMJ Open Sport Exerc Med. 2020 Oct 1;6(1):e000801.

Culbert KM, Sisk CL, Klump KL. A narrative review of sex differences in eating disorders: is there a
biological basis? Clin Ther. 2021 Jan;43(1):95-111.

67



160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

Rice SM, Purcell R, De Silva S, Mawren D, McGorry PD, Parker AG. The mental health of elite
athletes: a narrative systematic review. Sports Med. 2016 Sep 1;46(9):1333-53.

Fleck SJ. Body composition of elite American athletes. Am J Sports Med. 1983 Nov 1;11(6):398-
403.

Stoggl T, Enqgvist J, Muller E, Holmberg HC. Relationships between body composition, body
dimensions, and peak speed in cross-country sprint skiing. J Sports Sci. 2010 Jan 1;28(2):161-9.

Abbott W, Brett A, Brownlee TE, Hammond KM, Harper LD, Naughton RJ, et al. The prevalence of
disordered eating in elite male and female soccer players. Eat Weight Disord. 2021 Mar 1;26(2):491—
8.

Godoy-lzquierdo D, Diaz Ceballos I, Ramirez Molina MJ, Navarrén Vallejo E, Dosil Diaz J. Risk for
eating disorders in “High”-and “Low”-risk sports and football (soccer) : a profile analysis with
clustering techniques. Rev Psicol Deporte. 2019;28(2):0117-26.

Sundgot-Borgen J, Torstveit MK. The female football player, disordered eating, menstrual function
and bone health. Br J Sports Med. 2007;41(suppl 1):i68-72.

Killer SC, Svendsen IS, Jeukendrup AE, Gleeson M. Evidence of disturbed sleep and mood state in
well-trained athletes during short-term intensified training with and without a high carbohydrate
nutritional intervention. J Sports Sci. 2017 Jul 18;35(14):1402-10.

Langan-Evans C, Germaine M, Artukovic M, Oxborough DL, Areta JL, Close GL, et al. The
psychological and physiological consequences of low energy availability in a male combat sport
athlete. Med Sci Sports Exerc. 2021 Apr 1;53(4):673-83.

Ackerman KE, Holtzman B, Cooper KM, Flynn EF, Bruinvels G, Tenforde AS, et al. Low energy
availability surrogates correlate with health and performance consequences of Relative Energy
Deficiency in Sport. Br J Sports Med. 2019 May 1;53(10):628-33.

Schaal DrK, VanLoan DrMD, Hausswirth DrC, Casazza DrGA. Decreased energy availability during
training overload is associated with non-functional overreaching and suppressed ovarian function in
female runners. Appl Physiol Nutr Metab. 0(ja):null.

Thase ME. Depression and sleep: pathophysiology and treatment. Dialogues Clin Neurosci. 2006 Jun
30;8(2):217-26.

McKay AKA, Stellingwerff T, Smith ES, Martin DT, Mujika I, Goosey-Tolfrey VL, et al. Defining
training and performance caliber: a participant classification framework. Int J Sports Physiol Perform.
2022 Feb 1;17(2):317-31.

Rosenvinge JH, Dasa MS, Kristoffersen M, Pettersen G, Sundgot-Borgen J, Sagen JV, et al. Study
protocol: prevalence of low energy availability and its relation to health and performance among
female football players. BMJ Open Sport Exerc Med. 2022;8(1):e001219.

Speakman JR, Yamada Y, Sagayama H, Berman ES, Ainslie PN, Andersen LF, et al. A standard
calculation methodology for human doubly labeled water studies. Cell Rep Med. 2021;2(2):100203.

Speakman JR. The history and theory of the doubly labeled water technique. Am J Clin Nutr.
1998;68(4):932S-938S.

Westerterp KR, Wouters L, van Marken Lichtenbelt WD. The Maastricht protocol for the
measurement of body composition and energy expenditure with labeled water. Obes Res.
1995;3(S1):49-57.

68



176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

Westerterp KR. Diet induced thermogenesis. Nutr Metab Lond. 2004/10/28 ed. 2004 Aug 18;1(1):5.

Nana A, Slater GJ, Stewart AD, Burke LM. Methodology Review: Using Dual-Energy X-Ray
Absorptiometry (DXA) for the assessment of body composition in athletes and active people. Int J
Sport Nutr Exerc Metab. 2015 Apr 1;25(2):198-215.

Anderson LJ, Erceg DN, Schroeder ET. Utility of multifrequency bioelectrical impedance compared
with dual-energy x-ray absorptiometry for assessment of total and regional body composition varies
between men and women. Nutr Res. 2012 Jul 1;32(7):479-85.

Methlie P, Hustad S, Kellman R, Almas B, Erichsen MM, Husebye ES, et al. Multisteroid LC—
MS/MS assay for glucocorticoids and androgens and its application in Addison’s disease. Endocr
Connect. 2013 Jul 4;2(3):125-36.

Analyseoversikten - Analyser [Internet]. [cited 2023 Apr 25]. Available from:
https://analyseoversikten.no/analyser

Friborg O, Reas DL, Rosenvinge JH, Rg @. Core pathology of eating disorders as measured by the
Eating Disorder Examination Questionnaire (EDE-Q): The predictive role of a nested general (g) and
primary factors. Int J Methods Psychiatr Res. 2013;22(3):195-203.

Jackson C. The general health questionnaire. Occup Med. 2007;57(1):79-79.

Pallesen S, Bjorvatn B, Nordhus IH, Sivertsen B, Hjgrnevik M, Morin CM. A new scale for
measuring insomnia: the Bergen Insomnia Scale. Percept Mot Skills. 2008;107(3):691-706.

Chalder T, Berelowitz G, Pawlikowska T, Watts L, Wessely S, Wright D, et al. Development of a
fatigue scale. J Psychosom Res. 1993 Feb 1;37(2):147-53.

Clarsen B, Bahr R, Myklebust G, Andersson SH, Docking Sl, Drew M, et al. Improved reporting of
overuse injuries and health problems in sport: an update of the Oslo Sport Trauma Research Center
questionnaires. Br J Sports Med. 2020;54(7):390-6.

Tenforde AS, Katz NB, Sainani KL, Carlson JL, Golden NH, Fredericson M. Female Athlete Triad
risk factors are more strongly associated with trabecular-rich versus cortical-rich bone stress injuries
in collegiate athletes. Orthop J Sports Med. 2022 Sep 1;10(9):23259671221123588.

Melin A, Tornberg AB, Skouby S, Mgller SS, Sundgot-Borgen J, Faber J, et al. Energy availability
and the female athlete triad in elite endurance athletes. Scand J Med Sci Sports. 2015;25(5):610-22.

Loucks AB, Laughlin GA, Mortola JF, Girton L, Nelson JC, Yen SS. Hypothalamic-pituitary-
thyroidal function in eumenorrheic and amenorrheic athletes. J Clin Endocrinol Metab. 1992 Aug
1,75(2):514-8.

Sterringer T, Larson-Meyer DE. RMR Ratio as a Surrogate Marker for Low Energy Availability. Curr
Nutr Rep. 2022 Jun 1;11(2):263-72.

Heikura IA, Burke LM, Bergland D, Uusitalo ALT, Mero AA, Stellingwerff T. Impact of energy
availability, health, and sex on hemoglobin-mass responses following live-high—train-high altitude
training in elite female and male distance athletes. Int J Sports Physiol Perform. 2018 Sep
1;13(8):1090-6.

Hussain AA, Hibel C, Hindborg M, Lindkvist E, Kastrup AM, Yilmaz Z, et al. Increased lipid and

lipoprotein concentrations in anorexia nervosa: A systematic review and meta-analysis - Hussain -
2019 - International Journal of Eating Disorders - Wiley Online Library. 2019;52(6):611-29.

69



192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

Ackerman KE, Patel KT, Guereca G, Pierce L, Herzog DB, Misra M. Cortisol secretory parameters in
young exercisers in relation to LH secretion and bone parameters. Clin Endocrinol (Oxf). 2013
Jan;78(1):114-9.

Landis JR, Koch GG. The measurement of observer agreement for categorical data. biometrics.
1977;159-74.

Hedges LV, Olkin I. Statistical methods for meta-analysis. Academic press; 2014.

Lakens D. Calculating and reporting effect sizes to facilitate cumulative science: a practical primer
for t-tests and ANOVAs. Front Psychol. 2013;4:863.

Panduro J, Ermidis G, Reddik L, Vigh-Larsen JF, Madsen EE, Larsen MN, et al. Physical
performance and loading for six playing positions in elite female football: full-game, end-game, and
peak periods. Scand J Med Sci Sports. 2022;32(S1):115-26.

Youden WJ. Index for rating diagnostic tests. Cancer. 1950;3(1):32-5.

Saito T, Rehmsmeier M. The precision-recall plot is more informative than the ROC plot when
evaluating binary classifiers on imbalanced datasets. PloS One. 2015;10(3):e0118432.

Davis J, Goadrich M. The relationship between Precision-Recall and ROC curves. In: Proceedings of
the 23rd international conference on Machine learning - ICML 06 [Internet]. Pittsburgh,
Pennsylvania: ACM Press; 2006. p. 233-40. Available from:
http://portal.acm.org/citation.cfm?doid=1143844.1143874

Black AE, Prentice AM, Goldberg GR, Jebb SA, Bingham SA, Livingstone MBE, et al.
Measurements of total energy expenditure provide insights into the validity of dietary measurements
of energy intake. J Am Diet Assoc. 1993;93(5):572-9.

Burrows TL, Ho YY, Rollo ME, Collins CE. Validity of dietary assessment methods when compared
to the method of doubly labeled water: a systematic review in adults. Front Endocrinol. 2019;10:850.

Trabulsi J, Schoeller DA. Evaluation of dietary assessment instruments against doubly labeled water,
a biomarker of habitual energy intake. Am J Physiol-Endocrinol Metab. 2001 Nov;281(5):E891-9.

Hall KD, Sacks G, Chandramohan D, Chow CC, Wang YC, Gortmaker SL, et al. Quantification of
the effect of energy imbalance on bodyweight. Lancet. 2011 Aug 27;378(9793):10.1016/S0140-
6736(11)60812-X.

Scott C, Kemp R. Direct and indirect calorimetry of lactate oxidation: implications for whole-body
energy expenditure. J Sports Sci. 2005 Jan 1;23(1):15-9.

Heikura IA, Uusitalo AL, Stellingwerff T, Bergland D, Mero AA, Burke LM. Low energy availability
is difficult to assess but outcomes have large impact on bone injury rates in elite distance athletes. Int
J Sport Nutr Exerc Metab. 2018;28(4):403-11.

Fahrenholtz IL, Sjédin A, Benardot D, Tornberg AB, Skouby S, Faber J, et al. Within-day energy
deficiency and reproductive function in female endurance athletes. Scand J Med Sci Sports.
2018;28(3):1139-46.

Sjodin AM, Andersson AB, Hiogberg JM, Westerterp KR. Energy balance in cross-country skiers: a
study using doubly labeled water. Med Sci Sports Exerc. 1994;26(6):720-4.

70



208.

2009.

210.

211.

212.

213.

214,

215.

216.

217.

218.

219.

220.

221.

222.

223.

Krustrup P, Mohr M, Nybo L, Draganidis D, Randers MB, Ermidis G, et al. Muscle metabolism and
impaired sprint performance in an elite women’s football game. Scand J Med Sci Sports. 2021/06/26
ed. 2022 Apr;32 Suppl 1:27-38.

Doyle B, Browne D, Horan D. Quantification of internal and external training load during a training
camp in senior international female footballers. Sci Med Footb. 2021;1-8.

Bangsbo J, Mohr M, Krustrup P. Physical and metabolic demands of training and match-play in the
elite football player. J Sports Sci. 2006 Jul 1;24(7):665—74.

Haakonssen EC, Martin DT, Burke LM, Jenkins DG. Energy expenditure of constant- and variable-
intensity cycling: power meter estimates. Med Sci Sports Exerc. 2013 Sep;45(9):1833.

Ekstrand J, Hagglund M, Waldén M. Injury incidence and injury patterns in professional football: the
UEFA injury study. Br J Sports Med. 2011;45(7):553-8.

Colenso-Semple LM, D’Souza AC, Elliott-Sale KJ, Phillips SM. Current evidence shows no
influence of women’s menstrual cycle phase on acute strength performance or adaptations to
resistance exercise training. Front Sports Act Living [Internet]. 2023;5. Available from:
https://www.frontiersin.org/articles/10.3389/fspor.2023.1054542

Mullur R, Liu YY, Brent GA. Thyroid hormone regulation of metabolism. Physiol Rev. 2014
Apr;94(2):355-82.

Ihle R, Loucks AB. Dose-response relationships between energy availability and bone turnover in
young exercising women. J Bone Miner Res. 2004;19(8):1231-40.

Hutson MJ, O’Donnell E, Brooke-Wavell K, Sale C, Blagrove RC. Effects of Low Energy
Availability on Bone Health in Endurance Athletes and High-Impact Exercise as A Potential
Countermeasure: A Narrative Review. Sports Med Auckl NZ. 2021 Mar;51(3):391-403.

Gonzalez JT, Batterham AM, Atkinson G, Thompson D. Perspective: Is the response of human
energy expenditure to increased physical activity additive or constrained? Adv Nutr [Internet]. 2023
Feb 23; Available from: https://www.sciencedirect.com/science/article/pii/S216183132300217X

Drew M, Vlahovich N, Hughes D, Appaneal R, Burke LM, Lundy B, et al. Prevalence of illness, poor
mental health and sleep quality and low energy availability prior to the 2016 Summer Olympic
Games. Br J Sports Med. 2018 Jan 1;52(1):47-53.

Janssen I, Katzmarzyk PT, Ross R. Waist circumference and not body mass index explains obesity-
related health risk. Am J Clin Nutr. 2004 Mar 1;79(3):379-84.

Dasa MS, Friborg O, Kristoffersen M, Pettersen G, Plasqui G, Sundgot-Borgen JK, et al. Energy
expenditure, dietary intake and energy availability in female professional football players. BMJ Open
Sport Exerc Med. 2023 Feb 1;9(1):e001553.

Logue D, Madigan SM, Delahunt E, Heinen M, Mc Donnell SJ, Corish CA. Low energy availability
in athletes: a review of prevalence, dietary patterns, physiological health, and sports performance.
Sports Med. 2018 Jan 1;48(1):73-96.

Martinussen M, Friborg O, Schmierer P, Kaiser S, @vergard KT, Neunhoeffer AL, et al. The
comorbidity of personality disorders in eating disorders: a meta-analysis. Eat Weight Disord - Stud
Anorex Bulim Obes. 2017 Jun 1;22(2):201-9.

Beato M, Bartolini D, Ghia G, Zamparo P. Accuracy of a 10 hz gps unit in measuring shuttle velocity
performed at different speeds and distances (5 — 20 m). J Hum Kinet. 2016 Dec 1;54(1):15-22.

71



224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

Beato M, Coratella G, Stiff A, lacono AD. The validity and between-unit variability of gnss units
(StatSports Apex 10 and 18 hz) for measuring distance and peak speed in team sports. Front Physiol
[Internet]. 2018 [cited 2023 Jan 31];9. Available from:
https://www.frontiersin.org/articles/10.3389/fphys.2018.01288

Akyildiz Z, Alvurdu S, Ceylan HI, Clemente FM. Validity and reliability of 10 Hz GPS sensor for
measuring distance and maximal speed in soccer: Possible differences of unit positioning. Proc Inst
Mech Eng Part P J Sports Eng Technol. 2022 May 13;17543371221098888.

Jagim AR, Camic CL, Kisiolek J, Luedke J, Erickson J, Jones MT, et al. Accuracy of resting
metabolic rate prediction equations in athletes. J Strength Cond Res. 2018;32(7):1875-81.

Woods AL, Rice AJ, Garvican-Lewis LA, Wallett AM, Lundy B, Rogers MA, et al. The effects of
intensified training on resting metabolic rate (RMR), body composition and performance in trained
cyclists. PLOS ONE. 2018 Feb 14;13(2):e0191644.

Pedlar CR, Newell J, Lewis NA. Blood Biomarker Profiling and Monitoring for High-Performance
Physiology and Nutrition: Current Perspectives, Limitations and Recommendations. Sports Med.
2019 Dec 1;49(2):185-98.

Westerterp KR. Pattern and intensity of physical activity. Nature. 2001 Mar;410(6828):539-539.

Cunningham JJ. Body composition as a determinant of energy expenditure: a synthetic review and a
proposed general prediction equation. Am J Clin Nutr. 1991;54(6):963-9.

Iraki J, Paulsen G, Garthe I, Slater G, Areta JL. rmr. Nutr Health. 0(0):02601060211057324.

Roza AM, Shizgal HM. The Harris Benedict equation reevaluated: resting energy requirements and
the body cell mass. Am J Clin Nutr. 1984 Jul 1;40(1):168-82.

Levin KA. Study design IlI: Cross-sectional studies. Evid Based Dent. 2006 Mar;7(1):24-5.

Sharma A, Palaniappan L. Improving diversity in medical research. Nat Rev Dis Primer. 2021 Oct
14;7(1):1-2.

Tarnowski CA, Wardle SL, O’Leary TJ, Gifford RM, Greeves JP, Wallis GA. Measurement of
energy intake using the principle of energy balance overcomes a critical limitation in the assessment
of energy availability. Sports Med - Open. 2023 Feb 22;9(1):16.

Vickers AJ, Lilja H. Cut-points in clinical chemistry: time for fundamental reassessment. Clin Chem.
2009 Jan;55(1):15-7.

Ross R, Goodpaster BH, Koch LG, Sarzynski MA, Kohrt WM, Johannsen NM, et al. Precision
exercise medicine: understanding exercise response variability. Br J Sports Med. 2019 Sep
1;53(18):1141-53.

Hecksteden A, Pitsch W, Julian R, Pfeiffer M, Kellmann M, Ferrauti A, et al. A new method to
individualize monitoring of muscle recovery in athletes. Int J Sports Physiol Perform. 2017 Oct
1;12(9):1137-42.

Robinson N, Sottas PE, Schumacher YO. The athlete biological passport: how to personalize anti-
doping testing across an athlete’s career? 2017 Jun 2; Available from:
https://karger.com/books/book/318/chapter/5507410/The-Athlete-Biological-Passport-How-to-
Personalize

72



73



Paper |

74



N

J and Public Health

‘ International Journal of
3 Environmental Research

by

F

Article

Accuracy of Tracking Devices” Ability to Assess Exercise Energy
Expenditure in Professional Female Soccer Players:
Implications for Quantifying Energy Availability

Marcus S. Dasa **(, Oddgeir Friborg 2, Morten Kristoffersen 3, Gunn Pettersen !, Jorunn Sundgot-Borgen *

and Jan H. Rosenvinge 2

check for
updates

Citation: Dasa, M.S.; Friborg, O.;
Kristoffersen, M.; Pettersen, G.;
Sundgot-Borgen, J.; Rosenvinge, ].H.
Accuracy of Tracking Devices’ Ability
to Assess Exercise Energy
Expenditure in Professional Female
Soccer Players: Implications for
Quantifying Energy Availability. Int.
. Environ. Res. Public Health 2022, 19,
4770. https://doi.org/10.3390/
ijerph19084770

Academic Editor: Lynda B Ransdell

Received: 22 February 2022
Accepted: 11 April 2022
Published: 14 April 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /

40/).

Department of Health and Care Sciences, UiT, The Arctic University of Norway, 9019 Tromso, Norway;
gunn.pettersen@uit.no

Department of Psychology, UiT, The Arctic University of Norway, 9019 Tromso, Norway;
oddgeir.friborg@uit.no (O.F.); jan.rosenvinge@uit.no (J.H.R.)

Department of Sport, Food and Natural Sciences, Western Norway University of Applied Sciences,

5063 Bergen, Norway; morten kristoffersen@hvl.no

Department of Sports Medicine, Norwegian School of Sport Sciences, 0863 Oslo, Norway; jorunnsb@nih.no
Correspondence: marcus.smavik.dasa@uit.no

Abstract: The purpose of the study was to assess the accuracy of commonly used GPS/accelerometer-
based tracking devices in the estimation of exercise energy expenditure (EEE) during high-intensity
intermittent exercise. A total of 13 female soccer players competing at the highest level in Norway
(age 20.5 + 4.3 years; height 168.4 + 5.1 cm; weight 64.1 + 5.3 kg; fat free mass 49.7 + 4.2 kg)
completed a single visit test protocol on an artificial grass surface. The test course consisted of
walking, jogging, high-speed running, and sprinting, mimicking the physical requirements in soccer.
Three commonly used tracking devices were compared against indirect calorimetry as the criterion
measure to determine their accuracy in estimating the total energy expenditure. The anaerobic energy
consumption (i.e., excess post-exercise oxygen consumption, EPOC) and resting time were examined
as adjustment factors possibly improving accuracy. All three devices significantly underestimated
the total energy consumption, as compared to the criterion measure (p = 0.022, p = 0.002, p = 0.017;
absolute ICC = 0.39, 0.24 and 0.30, respectively), and showed a systematic pattern with increasing
underestimation for higher energy consumption. Excluding EPOC from EEE reduced the bias
substantially (all p’s becoming non-significant; absolute ICC = 0.49, 0.54 and 0.49, respectively);
however, bias was still present for all tracking devices. All GPS trackers were biased by showing a
general tendency to underestimate the exercise energy consumption during high intensity intermittent
exercising, which in addition showed a systematic pattern by over- or underestimation during lower
or higher exercising intensity. Adjusting for EPOC reduced the bias and provided a more acceptable
accuracy. For a more correct EEE estimation further calibration of these devices by the manufacturers
is strongly advised by possibly addressing biases caused by EPOC.

Keywords: female athlete; exercise expenditure; energy availability; team sport; exercise metabolism;
technology

1. Introduction

To support basic physiological functions and aid adaptations to training, an athlete’s
energy intake (EI) should be matched against the energetic needs a given sport activity
require. An athlete’s energy availability (EA) is quantified as the residual energy after
subtracting the exercise energy expenditure (EEE) from the EI, divided by fat-free mass
(FFM) [1]. In soccer, nutritional intake may impact a player’s body composition, resulting in
performance alterations. As such, sport nutrition experts can assist players in manipulating
EI to meet the desired goals [2]. Nevertheless, athletes should be warned against the
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accidental or deliberate mismatch of EI and energy expenditure (EE), resulting in EA below
125 kilojoules (k]J) (30 kcal) per kg FFM. Such a low energy availability (LEA) may cause
disturbances to hormonal, metabolic, and immune functions [3-5]. Although monitoring of
body mass can provide insight into an athlete’ s energy balance, long term LEA may result
in “metabolic adaptation” causing weight stability, despite inadequate energy balance [6].
Thus, body mass is not sufficient to detect LEA in athletes. Despite this, limited knowledge
exists regarding the occurrence and implications of LEA in female soccer players.

In soccer and intermittent field sports, tracking devices (GPS or accelerometer-based) is
the most commonly used microtechnology to quantify physical activity [7], and to estimate
EA [8-10]. Such devices may provide valid estimates of EEE within sports characterized
by steady-state exercise such as running and cycling [11]. However, their accuracy is
questionable within sports characterized by intermittent exercises, notably soccer, with high
amounts of directional changes, accelerations, and deaccelerations [12]. In part, this is due
to the anaerobic energy production, resulting in lactate accumulation and oxidation, which
is not accounted for in aerobic energy production and therefore difficult to measure [13].
Further, different manufacturers may operate with disparate algorithms when processing
data, potentially resulting in dissimilar output of EEE [14,15].

Some tracking devices, which are specifically developed for intermittent sports such
as soccer, build on the metabolic power concept [16,17], yet several studies [12,18-20] still
report underestimations of EEE. Responding to such findings, the original authors have
argued that inappropriate usage of the concept could contribute to this underestimation [21].
Others have proposed alternatives to the original model [22]. Nevertheless, the validity of
studies reporting EEE in intermittent sports based on tracking devices is ambiguous. This
needs to be further investigated in female athletes and soccer players, as previous work on
metabolic power is based on male athletes. Disparities in physiological factors between
sexes such as work economy, efficiency, and body composition are also contradictory [23]
and have not been addressed in the development of the metabolic power concept.

In a recent study [24] of female endurance athletes, only a slight caloric surplus of
<200 kcal-d ! in energy balance was associated with increased performance. However,
failure to achieve a caloric surplus was associated with impairments to performance. This
finding highlights the importance of accurately measuring EEE, as it may have direct
consequences for the nutritional periodization of athletes, influencing performance, re-
covery, and health status. In summary, there is a need to identify the accuracy of current
tracking devices being utilized to quantify EEE, offering implications for measuring LEA.
Further, the investigation of female athletes is warranted to examine potential differences
in estimating EEE and enable between study comparisons, regardless of sex.

Therefore, the aim of the present study was to examine the accuracy of three commonly
used tracking devices utilizing metabolic power to quantify EEE during intermittent
exercise in high-level female soccer players. Based on the current literature, we expected
that the tracking devices underestimate the caloric expenditure as compared with indirect
calorimetry as the criterion measure. we also examined whether EPOC during rest could
be used to improve agreement and explain potential discrepancies in the results.

2. Materials and Methods
2.1. Study Design

Participants completed a single visit test protocol on artificial grass surface instru-
mented with a portable O, analyzer, and three different tracking devices. A pre-determined
course consisting of walking, jogging, shuttle run/stride, and sprinting was designed to
model the physical requirements in women'’s soccer [25,26]. The course length was 549.5 m
and was repeated five times (total distance 2747.5 m) to ensure data sufficiency to measure
movement and EEE (Figure 1). Participants were instructed to complete each part of the
course at self-selected speeds, guided by movement descriptors. However, the 20 m sprint
was instructed to be completed at maximal effort. Before starting the testing protocol,
participants were instructed in how to use the Rated Perceived Exertion (RPE) [27] scale
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ranging from 0-10. All participants completed a standardized guided warm up, consisting
of three rounds, corresponding to RPE 4, 6 and 8, respectively, the latter being the desired
intensity for the completion of the 5-round protocol (self-selected speed corresponding
to RPE 8). After each round, they rested standstill for 1 min. Here capillary blood lactate
samples were collected, and the participants were asked to rate their RPE of the preceding
round. Additionally, after the completion of the protocol, excess post exercise oxygen
consumption (EPOC) was measured for 120 s to account for EEE derived work above VO,
max and total session RPE was stated.
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Figure 1. Illustration of the intermittent exercise protocol, indicating the type of movement and
length of segment numbered A-J.

2.2. Participants

Eligibility criteria for the study were defined as (i) female competing at the highest
level in Norway, (ii) >16 years of age, and (iii) absence of injuries or illnesses. In addition,
participants were asked to abstain from caffeine intake on the day of testing, as well as
ingesting their last meal approximately 2 hours before testing. A total of 13 professional
female soccer players (age 20.5 + 4.3 years; height 168.4 & 5.1 cm; weight 64.1 £ 5.3 kg;
fat free mass 49.7 + 4.2 kg) completed the study. Two players declined the invitation
to participate due to self-reported injury and time commitment. Following the Helsinki
declaration, all participants were informed about the project both orally and in writing
and signed an informed consent document. The project was approved by the Norwegian
Center for Research Data (Reference: 807592).

2.3. Tracking Measures

Participants were equipped with an 18 Hz GPS device with 952 Hz tri-axel accelerom-
eter, gyroscope, and magnetometer (GPS!, Apex, StatSport, Newry, Northern Ireland,
UK), a 10 Hz GPS device with 1 kHz tri-axel accelerometer, gyroscope and magnetometer
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(GI’SZ, Vector, Catapult innovations, Melbourne, Australia), and a 1000 Hz inertial sen-
sor device, with accelerometer, gyroscope and multi-chip motion tracking module (IMU,
Playermaker™, Tel Aviv, Israel). All devices were mounted and used according to manu-
facturers” guidelines. The GPS devices were securely positioned in a custom-made vest
2-3 cm apart, between the participants’ scapulae. Both GPS devices were placed outside in
record mode at least 20 min prior to testing, to ensure adequate satellite connection. The
inertial sensor was mounted on the participants boots, using the manufacturers boot strap
designed for this purpose. After completion, data were uploaded to the device-specific
software and analyzed to calculate EEE for the whole period, before being exported to
Microsoft Excel. After reaching out to the manufacturers of GPS! and GPS?, both confirmed
that the calculation of metabolic power builds on previous work by Osgnach et al. [16],
utilizing acceleration and velocity data for the calculation. For the inertial measuring device
(IMU), EEE calculations were done by the manufacturer as the software lacked this feature.
The technical properties of this device is explained elsewhere [28] and it applies the same
metabolic power method [16]. Specifically, speed and acceleration were calculated in 10 Hz,
together with the formula and constants provided in the algorithm by [16]. All tracking
data were also edited post hoc, by synchronizing the start and cessation of the protocol
with the oxygen consumption (VO,)-derived data, ensuring the same measurement time
for the various devices.

2.4. Indirect Calorimetry

Indirect calorimetry (VO, Master Health Sensors Inc., Vernon, BC, Canada) was used
to establish VO,-derived EEE and served as criterion measure against the tracking systems.
The VO, master have previously been validated [29] resulting in a difference ranging from
0.17-0.27 VO, (L/min) during different intensities, compared to the Parvomedics trueOne
2400 metabolic cart (Parvomedics, Inc., Salt Lake City, UT, USA). Participants wore the
VO, master for the entire protocol, including rest periods, as well as 120 s following the
last round to account for EPOC, following the intermittent exercise protocol. To establish
resting energy expenditure, participants wore the VO, master for 10 min, after arriving
at the facility, laying down in supine position. The mean VO, (L/min)-derived EE value
from the last 5 minutes was subtracted from the total EE during the test post hoc for each
individual, consistent with previous literature [20,30]. The VO, master was calibrated
according to the manufacturer’s guidelines prior to each testing session. After completion,
breath by breath analysis of VO, (L/min) was analyzed in 30 s intervals, before being
converted to kJ to establish VO, derived EEE using a respiratory exchange ratio (RER) of
1.00, indicating mainly glycolytic energy production [31]. This was done as the usage of
RER assumes constant oxygen content and that CO, exchange in the lungs reflects that
of the cells [32]. As this is not the case during intermittent exercise, lactate measurements
served as confirmation of the appropriate RER level chosen.

2.5. Lactate Measurement

Blood lactate (mmol/L) was measured using the lactate plus (Lactate Plus, Nova
Biomedical, Waltham, MA, USA), which have previously been validated [33]. Samples
were taken at rest from the index finger, following resting energy expenditure measurement
and after each round of the protocol, indicating the level of intensity for the completed
work. Thus, blood lactate measures were used to verify the RER used to calculate EEE, as
blood lactate is associated with substrate metabolism during exercise [34].

2.6. Statistical Analyses

The statistical analyses and preparation were conducted using SPSS 26 (IBM, Armonk,
NY, USA) and Microsoft Excel (Microsoft corporation, Redmond, WA, USA). Descriptive
statistics from the participants are given for total running distance, inter-device distance,
percentage difference, as well as the lactate levels for the separate circuit rounds. All
devices were directly compared to the criterion measure (VO, derived EEE) and intraclass
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correlation coefficients (ICC) were estimated to determine the level of agreement between
the individual tracking devices and the criterion measure. We estimated two-way mixed
ICC models with the subjects and method factors as random and fixed, respectively [35].
ICC estimates are presented based on the single measure formula since a single device
score represents the EEE score. ICC estimates for both relative (consistency) and absolute
agreement are given along with their 95% confidence intervals.

Paired sample t-tests were used to examine for mean differences between the mea-
surement methods, thus indicating the general level of bias. Effect sizes (ES) for these
differences were calculated by dividing on the standard deviation of the difference scores
corrected for their correlation. We report Hedge’s g, which additionally corrects bias
related to smaller samples, thus reducing overestimation according to the formula [36]:

= M, —M;

&= \/(s%+s%—2rs|sz) / \/2(1——r)
The a priori alpha level was set to p < 0.05. We added linear regression analyses to examine
the level and direction of systematic biases between the methods. The tracking device in
question was used as a predictor with VO, as the outcome. Unstandardized residuals,
which represent the difference between the predicted and the actual VO, energy consump-
tion score was saved and plotted on the y-axis against VO, data on the x-axis. Systematic
biases would be present if the residual scores showed a non-flat increasing or decreasing
pattern depending on the actual VO, levels. Lastly, we examined if adjusting the EEE
calorimetry scores by subtracting the resting time or the EPOC scores could reduce bias
and yield better agreement according to new paired sample {-tests, smaller residual scores
and improved ICC estimates. All results are presented as mean + SD, unless specified.

x | (with ] as the Hedge’s g correction factor according to [37].

3. Results

The total distance and mean energy expenditure measured for the tracking devices
GPS!, GPS?, and IMU are presented in Table 1. Compared to the manually measured track,
results for distance displayed a percentage difference of 4.4%, 3.7%, and 0.7%, respectively.
Mean lactate measurement was significantly elevated compared to baseline resting values
(1.3 & 0.4 mmol/L) during round 1-5 (Figure 2).

Table 1. Upper panel displays descriptive data for the criterion measure EEEY©?, distance measured
by devices, and total EEE for the individual tracking devices. Middle panel display ICC measures for
absolute and consistency measures, percentage error (EEE), as well as paired sample t-test between
specific devices and criterion measure for total energy expenditure. Lower panel of the table display
the values adjusted, by removing EPOC measurement from the criterion measure value (VO;),
only analyzing moving time. Exercise energy expenditure = EEE; kilojoule = kJ; effect size = ES;
post-exercise energy consumption = EPOC.

GPS! GPS? IMU
N 13 11 11
VO,FEE (k]) 1038 + 183 1043 + 198 1016 + 191
Distance (% error) 2625 + 25 (4.4%) 2644 + 73 (3.7%) 2767 + 207 (0.7%)
EEE (K]) 933 + 83 843 + 73 879 + 82
ICCABS 0.39 0.24 0.30
ICCCON 0.48 0.44 0.42
Percentage error 10.7% 20.6% 14.5%
p value 0.022 0.002 0.017
ES 0.60 0.96 0.77
Values adjusted for
EPOC
VO, EPOC (k]) 868 + 156 875 + 168 847 + 161
ICCABS 0.49 0.54 0.49
ICCEON 0.54 0.53 0.48
Percentage error 7.2% 3.1% 3.7%
p value >0.05 >0.05 >0.05
ES 0.44 0.15 0.21
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Figure 2. Time plot of the lactate measurement levels during the protocol, at baseline (rest) and the

following each completed round.

EEE measured as indirect calorimetry (criterion measure) compared to EEE estimated
by GPS!, GPS?, and IMU (EEE]MU) is presented in Table 1. Compared to the indirect
calorimetry, all tracking devices significantly underestimated the caloric expenditure during
intermittent bouts of exercise (GPS!, p = 0.022, ES = 0.60, GPS?, p = 0.002, ES = 0.96 and IMU,
p =0.017, ES = 0.77). When adjusting EEE by subtracting EPOC (EEE measured during
standstill resting periods) from the measurement, no differences were found (EEEGPS!
p > 0.05, ES = 0.44, EEESPS? p > 0.05, ES = 0.15 and EEE™V p > 0.05, ES = 0.21) (Table 1).

The ICC values for total EEE ranged between 0.48 and 0.21 based on consistency
estimation, and between 0.39 and 0.24 based on absolute agreement estimation, respectively.
Adjusting calculations by excluding EPOC measurements, only analyzing moving time,
ICC values ranged between 0.54 and 0.48 and between 0.54 and 0.49 based on consistency

and absolute agreement estimation, respectively (See Table 1 for specific values).

Series of regression analyses with VO, as outcome and the specific tracking device
as predictors are given in Table 2. An unstandardized beta coefficient above or below
1 indicates under- versus overestimation, respectively. Using mean centered values as
predictors, the unstandardized coefficients for EEECPS! were 1.42. The GPS! device thus un-
derestimated true calorimetry usage with 0.42 k] per unit increase in the VO, measurement.
For EEESPS2 | the unstandardized coefficient was 1.82; hence, underestimating estimated
caloric expenditure with a mean of 0.82 k], compared to the criterion measure. Lastly for
EEEMU  unstandardized coefficient was 1.28, yielding a mean underestimation of 0.28 kJ.
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>

Residuals (Bias)

o

Residuals (Bias)

Table 2. Display regression coefficients representing the mean change for specific devices as predicted
by the regression model, compared against the criterion measure VO,. The first part of the table
displays the values for total EEE, with the second part showing values adjusted by removing EPOC
measurements, only analyzing moving time.

GPS! GPS? IMU
N 13 11 11
Intercept 1038.5 1043.1 1016.2
Beta 1.42 1.82 1.28
t 2.75 275 2.1
Absolute :fj;d“a' ETror 112.3 £ 78.7 109.1 + 89.4 121.6 + 92.3
p value 0.019 0.022 0.077
95% CI 03-25 0.3-3.3 0-2.6
Values adjusted for EPOC are presented below
Intercept 867.8 875.4 846.8
Beta 123 1.66 1.11
T 2.86 3.16 2.1
Absolute :‘ﬁ‘)"“a' error 9734599 89.1 4 672 103.6 + 72.1
p value 0.015 0.011 0.69
95% CI 0.3-2.2 0.5-2.8 0-2.2

Adjusting the caloric estimation by removing EPOC from the estimated EEEyo;

score, produced lower unstandardized coefficients, hence yielding lower mean differences
between estimated and true caloric expenditure values (0.23 k] for GPS!, 0.66 k] for GPS?
and 0.11 k] for IMU respectively (Table 2). The regression analysis also displays increased
disagreement between predicted EEE values for tracking devices, compared to the observed
EEE, as caloric expenditure increases. Thus, increased bias is expected when the caloric

expenditure increases during intermittent activity (Figure 3).

B c
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Figure 3. Residual plot indicating the disagreement between the predicted EEE (residuals) and
measured EEEyq; in the upper panel and EEEy;-EPOC in the bottom panel (values displayed in
kJ). Negative values indicate overestimation and positive values indicate underestimation. Exercise
energy expenditure = EEE; kilojoules = kJ; oxygen consumption = VO,; excess post-exercise energy
consumption = EPOC.
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4. Discussion

This is the first study to quantify the accuracy of the latest tracking devices in female
athletes. Our results show that all tracking devices underestimated the EEE and, thus,
failing to adequately estimate caloric expenditure, yet GPS! provided the most accurate
results. The level of underestimation shrunk for all devices when the criterion measure
(indirect calorimetry) was adjusted by subtracting EPOC (the standstill rest periods) from
the estimation of energy expenditure. Furthermore, the tracking devices displayed a
systematic pattern of bias by overestimating EEE at lower levels of caloric expenditure and
underestimating EEE at higher levels of caloric expenditure.

These findings align with several previous studies conducted among male athletes,
reporting that GPS and accelerometer-based tracking devices fail to accurately estimate total
EEE in intermittent team sports [12,18,20]. Albeit with older technology, Brown et al. [16]
reported that GPS units displayed reasonable accuracy during steady-state jogging and
running [20]. However, substantial underestimation was observed during intermittent
movements and high-intensity actions. Stevens et al. [16] reported that metabolic power [16]
overestimated EEE during continuous, steady-state running. Conversely, these authors also
found that metabolic power underestimated EEE during aerobic shuttle running. As such,
it is possible that the metabolic power algorithm systematically overestimate EEE during
walking and jogging and underestimate during high-intensity circuit movements, resulting
in total underestimation of EEE during high-intensity intermittent exercise. Recently,
Savoia et al. [16] proposed an alternative metabolic power algorithm based on the original
work [22]. Here the authors claim that previous studies demonstrating underestimation
of EEE using metabolic power, utilize prolonged periods of rest, not reflecting the actual
demands of the game. This may be of importance in the interpretation of the present, and
the previous studies, as metabolic power primarily relies on locomotion when estimating
EEE. Nevertheless, our results demonstrate that three of the latest and most-used tracking
devices in modern soccer all underestimate EEE with its current technology.

In the present study, all three devices displayed total distances within 4.4% of the
manually measured track. However, the metabolic power equation bases its calculations
on velocity and accelerations; thus, the inability of tracking devices to accurately estimate
this will influence the total estimated EEE. Previous research has found interindividual
differences between devices utilizing metabolic power, although displacement measures
were relatively similar, indicating disparities in the filtering of the GPS data [15]. Nonethe-
less, acceptable validity and reliability for GPS devices of 10 and 18 Hz, as used in this
study, have been reported [38]. Further, the inertial sensor used have been compared
against high sampling GPS units [28]. Although SD varied between the specific devices,
this alone is unlikely to explain the discrepancy in EEE. Hence, the underestimation seen
during intermittent exercise might be highly influenced by the algorithm applied by the
devices, rather than inaccurate sampling rates or measurements of velocity /acceleration.
This assumption is strengthened when investigating the results with and without EPOC
measures. Several assumptions are made in the modeling of metabolic power, especially
during high intensity running, including running efficiency [17,39]. Further, surface may
also play an influential role on the energetic cost of running [40], together with individual
running economy. As the metabolic power model is based on well-trained male endurance
athletes and this study was done in female soccer players on an artificial surface, these
factors may well be partially responsible for some of the observed discrepancies. Future
studies could therefore consider tailoring the metabolic power equation for females. Fur-
ther, practitioners may consider applying individual data for running cost to the equation
responsible for the EEE output. This would require substantial testing of each athlete, as
well as post session/match editing of the GPS derived data to calculate the EEE using
the athlete specific data as constants in the metabolic power equation. Since individuals
clearly differ in response to estimates of metabolic power based on average data, this could
be of interest in athletes where accurate measurement of energy availability is of special
importance for health and performance outcomes.
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Our results show an inverse relationship as EEEV©? increases. In addition, individual
lactate measurements increase together with EEEVO2. As such, it appears that the metabolic
power estimates are somewhat correlated with exercise intensity. This is confirmed when
adjusting the analysis by subtracting EPOC measurements, resulting in non-statistically
significant differences between all devices and EEEV©?. These results indicates that tracking
devices are unable to sufficiently account for anerobic energy metabolism, manifested by
elevated VO, levels during rest (e.g., replenishing substrate stores, repaying O, debt from
the previous high-intensity action) [13], similar to previous research [18].

Several studies investigating LEA in female athletes have used devices relying on
metabolic estimates for EEE, to calculate EA [9,10,41,42]. Nonetheless, based on the findings
of our study, caution should be taken when interpreting results from studies utilizing
algorithmical estimates to quantify EEE. Undoubtedly, the main challenge when identifying
LEA in athletes is the definition of EA itself, as it relies heavily on measures of EI and EEE,
both fragile for significant error [11]. As such, more objective physiological markers have
been proposed going forward within the field of LEA [43]. These include the usage of
hormonal data; however, more research is needed regarding the sensitivity and specificity
of distinctive markers.

The sample size may raise concerns with response to statistical power. This could have
been increased with repeated measures, which was not possible due to the heavy schedule
of the players. Nevertheless, anthropometric characteristics are similar to those reported in
international and high domestic leagues elsewhere [41]. As such, we will argue that the
present results are applicable to other elite female soccer players. Moreover, power is not
critical as the main aim of the study was not to test specific hypotheses, but to test the level
of accuracy against indirect calorimetry for each tracking device. Conversely, power is a
concern in the sense that increased power would have allowed us to test accuracy across
the different tracking devices. We chose extended periods of rest between rounds and post
activity, to account for EPOC. During actual gameplay, prolonged periods of total rest are
sparser and, thus, may have contributed to the deviation between tracking devices and
VO, measurements. We also acknowledge that 120 s of EPOC measurement post-test is
not sufficient to return to baseline levels, hence, expanding the time would likely increase
discrepancy. However, given the slope of EPOC [42], 120 s will encompass the majority of
significant elevation in energy expenditure.

5. Conclusions

To our knowledge, this is the first all-female study exploring estimated EEE, as
well as comparing the latest model of three widely used tracking devices. The GPS and
accelerometer-based tracking devices tested generally underestimate the caloric expendi-
ture during intermittent exercise in professional female soccer players. This is primarily
because such devices cannot account for anaerobic energy production seen during high-
intensity exercise. Furthermore, the observed differences between manufacturers could be
of importance for practitioners and their choice of equipment. Therefore, caution should be
taken when utilizing estimated EEE in calculations of EA and nutritional calculations. This
is of special importance in training situations, where increased rest times between drills and
play is likely to produce greater underestimation of total EEE. Nevertheless, as calculations
based on EEE is the only method for assessing players EA at this point, the usage of devices
applying metabolic power is presumably superior to standard GPS and heart rate measures.
However, the deviations seen in caloric expenditure must be considered by practitioners
and researchers depending on the need of accuracy. Future studies should also aim to
include female players in the validation of the algorithms, as well as individualizing the
algorithm. Despite generally underestimating EEE, the devices tested can still provide
useful information in quantifying EA, taking the highlighted limitations in consideration.
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ABSTRACT

Objectives To quantify energy expenditure and intake in
professional female footballers playing on a national and/
or international level. Second, to determine the prevalence
of low energy availability among these players, defined as
<30 kcal/kg fat-free mass (FFM)/day.

Methods Fifty-one players completed a 14-day
prospective observational study during the 2021/2022
football season. Energy expenditure was determined using
the doubly labelled water method. Energy intake was
assessed using dietary recalls, while global positioning
system determined the external physiological load.
Descriptive statistics, stratification and the correlation
between explainable variables and outcomes were
conducted to quantify the energetic demands.

Results The mean energy expenditure for all players
(22+4 years) was 2918+322kcal. Mean energy intake
was 2274+450kcal, resulting in a discrepancy of ~22%.
Carbohydrate intake was below the recommended
guidelines on match day at 4.5+1.9 g/kg. The mean energy
availability was 36.7+17.7 kcal/kg FFM/day on matchday
and 37.9+11.7 kcal/kg FFM/day on training days, resulting
in a prevalence of 36% and 23% for low energy availability
during the observational period, respectively.

Conclusion These elite female football players displayed
moderate energy expenditure levels and failed to meet

the recommended levels of carbohydrate intake. In
conjunction with inadequate nutritional periodisation, this
will likely hamper performance through inadequate muscle
glycogen resynthesis. In addition, we found a considerable
prevalence of low energy availability on match and training
days.

INTRODUCTION

Professional female football players generally
cover 9-11km during a match, with 22%-28%
in high-intensity running and sprinling.;I g
A typical 7-day in-season period may consist
of 1-2 matches plus 4-6 additional training
sessions.” Adequate energy intake (EI)
(minimum above 30 kcal/kg fat-free mass
(FFM)/day) is paramount to optimally
performing and maintaining immune and
metabolic functions. Correct information
about energy expenditure (EE) is essential for

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Female international players show inadequate en-
ergy intake in relation to their energy expenditure.

= Evidence on the prevalence of low energy availabil-
ity in female football players is currently conflicting
due to few high-quality studies.

= No studies have investigated in-season energy re-
quirements and practices in both national and in-
ternational level players using doubly labelled water.

WHAT THIS STUDY ADDS

= Considering current guidelines, domestic and in-
ternational female football players display reduced
carbohydrate intake independent of player position.

= Female football players may be at risk for low en-
ergy availability; however, the prevalence is likely
inflated due to under-reporting energy intake.

= There were no positional differences in total daily
energy expenditure.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Players and team support staff should focus on
nutritional periodisation to increase energy intake,
notably through carbohydrates, to maximise per-
formance and reduce negative health consequenc-
es associated with low carbohydrate and energy
availability.

quantifying food requirements to sufficiently
fuel the energetic demands during matches
and training. Although the physiological
demands of female football are established
in the literature,”” studies regarding EE are
scarce, and most estimates rely on accelerom-
eters or global positioning systems (GPS).” **
In contrast, studies on male professional foot-
ball players have used the gold standard
method of doubly labelled water (DLW) and
dietary information to quantify the daily ener-
getic requirements.”'” Only one study using
DLW in female football players exists to date.""
Yet, this sample of players on international
duty limits the findings, as it transfers less
well to in-season national-level teams. Hence,
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scaled up DLW studies are needed to ascertain the ener-
getic requirements of elite female football players.

During a football match, 60%-70% of the total energy
requirements are supplied by carbohydrates (CHO),"”
making it the most important macronutrient for perfor-
mance.''” A recent expert group statement from UEFA
recommends a daily CHO intake of 3-8g/kg/day,
depending on the intensity and volume of the activity (ie,
training or match)."* Previous studies among professional
male” '’ and female'' players have shown that the total
CHO intake is well below the recommended guidelines.
In addition to CHO, protein is also essential to support
skeletal muscle recovery and adaptation following exer-
cise.” In contrast to CHO, the daily recommendations
of 1.2-1.6g/kg [;)rotcin are generally met among female
football players.” !

There is an increasing focus on implementing female-
specific research within sports medicine and nutrition."
This includes the female athlete triad and the Relative
Energy Deficiency in Sports (RED-S),"” ' in which low
energy availability (LEA) is the main aetiological factor.
As CHO constitutes the main macronutrient to meet total
energetic needs in football players, the subsequent low
intake reported in recent literature may not only reduce
performance but also cause the development of nega-
tive symptoms described by the RED-S model.” ! M
date, prevalence estimates of LEA among female football
players are wide-ranging, between 20% and 80%,"°'" '*
and require more and larger high-quality studies. The
primary aim of the present study was to quantify the total
daily EE (TDEE) and EI in national and international
female football players. Second, we aimed to estimate the
prevalence of LEA in this sample.

MATERIAL AND METHODS

Participants

Fifty-one players from the Norwegian premier (two teams)
and first division (one team) were included (table 1).
Eight players were currently representing their national
team, while seven players represented their designated
youth national team. Using the recently published partic-
ipant classification framework,' players were classified
at tier 3 (national) or 4 (international) level. All players
agreed to and signed a written consent form before
partaking in the study. Inclusion criteria were as follows:
(1) above 16 years of age, (2) no injury or illness affecting

normal activity level and (3) being eligible for first-team
competition matches. Seven players were excluded due
to reported injury or illness during the study period (see
online supplemental material for participant informa-
tion).

Study design

Using a prospective observational study design, data
collection occurred in three phases during the 2021
and 2022 Norwegian season (October-May). During
the 14-day study period, players continued their regular
living patterns, including training and match obligations.

Body composition

Body composition was measured using whole body fan
beam dual-energy X-ray absorptiometry measurement
(Prodigy, Encore, SP 4.1, V.18, GE medical systems,
Madison, Wisconsin, USA) by a certified technician,
following recommended guidelines.”’ All participants
received a personal scale (Logic, London, UK) to which
they were able to measure their body mass (BM) at home.
BM was measured in the morning after the first voiding
on days 1, 7 and 15 to the nearest+0.1 Kg. Before the data
collection, participants were instructed to complete the
measurement and send the results to a research team
member following each weigh-in.

Training and match load

Training sessions and match performance were moni-
tored using a GPS placed between the player’s scapulae
in a custom vest (Statsports, Newry, Ireland). Predeter-
mined variables were recorded to quantify the total
distance covered and metres in speed zones to determine
the external physiological load. Standardised thresh-
olds to determine workload intensity were used (table 2
specifies the various speed zones ranging from 1 to 5,
coinciding with the measurement of EE by DIW). The
coaching staff were familiar with the usage of the GPS;
however, it was not applied to recovery sessions related to
matchdays. Goalkeepers were excluded from the training
and match load analysis.

Energy intake

EI was assessed by three 24-hour diet recalls, conducted
using nutritional analysis software developed for research
purposes with access to the Norwegian nutritional register
(Myfood24, Leeds, UK). The software has previously been

Table 1 Participant characteristics

Defender Midfielder Goalkeeper
Total (n=51) (n=15) (n=20) Attacker (n=11) (n=5)
Age 2214 23+4 2113 215 20+3
Height (cm) 169+7 167+6 168+6 168+6 1733
Body mass (kg) 63.9+6.6 62.4+5.9 62.9+5.2 63.4+5.8 75+6.4
Free fat mass (kg) 49.3+4.9 48.7+5.2 48.1+3.7 49.2+4.9 56.8+2.1
Body fat% 24.6+4.2 23.6+3.2 24.7+3.2 23.6+4.4 30.4+4.2
2 Dasa MS, et al. BMJ Open Sp Ex Med 2023;9:¢001553. doi:10.1136/bmjsem-2023-001553
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Table 2 Total distance and time in speed zone on training and match days

Match

Training (n=51) (n=38)*
Total distance, meters (m) 5063+982 10309+1080
Speed zone 1, m (0-5.4 km/hour) 1975+360 2766+391
Speed zone 2, m (5.4-10.8 km/hour) 1867+432 38941506
Speed zone 3, m (10.8-14.4 km/hour) 705+212 2072+345
Speed zone 4, m (14.4-19.8 km/hour) 379+146 1269+296
Speed zone 5, m (>19.8 km/hour) 90+91 323+169
Exercise energy expenditure (kcal) 422+83 826+98

Note: **p<0.01.
**p<0.001 for all comparisons.

validated against traditional dietary recalls and weighted
dietary records in adults and adolescents, and details
regarding the completion are explained elsewhere.”' *
The recall method was chosen to ensure compliance.
Before the data collection, the players were allowed to
test the software, received general usage guidance and
could ask questions to settle uncertainties. For players
unable to conduct the diet recall in their native language
(n=4), a registered dietician conducted the diet recall
with the participants in English using video or in-person
meetings. A registered dietician reviewed completed
recalls. If any part of the registered EI was deemed insuf-
ficient or unclear, the dietician would validate this with
the participant via telephone or text. The diet recalls
were performed on random days corresponding to one
match, training and rest days. Match days were consid-
ered valid if a player completed 60 min of the game. For
players not fulfilling this requirement, two diet recalls
were conducted on training days to ensure an equal
number of completed diet recalls.

Energy expenditure

TDEE was measured using DLW. The protocol used is
developed by Maastricht university and described else-
where.”® In brief, individual doses were calculated from
total body water, estimated from body mass index).
The players collected a baseline urine sample at home,
following training, in the evening before going to bed
(day 0). After collecting the baseline sample, the partici-
pants consumed a weighted amount of *H,O and H,'"*0,
providing a body water enrichment of approximately
155 p.p.m. for H* and 235 p.p.m. for '*O. Following this,
urine samples were collected on days 1, 7 and 14 from
the second voiding in the morning. A second urine
sample was collected in the afternoon or evening on the
same days. Participants were instructed in urine sample
collection and conducted this procedure at home using
standardised urine cups. Urine samples were stored in
the participants’ homes refrigerators for no longer than
24hours. A research team member then collected the
urine sample within the given time frame. Urine samples
were immediately taken to the lab, aliquoted to a 2mL

airtight glass vial and stored in a =20°C fridge until anal-
ysis. Urine samples were analysed with an isotope ratio
mass spectrometer (Thermo Scientific Delta V Advantage;
Thermo Fischer Scientific, Bremen, Germany). Carbon
dioxide production was calculated from the difference
between the elimination rates of “H and '*O using the
equation as recommended by the JAEA DLW database
consortium.* TDEE was calculated from carbon dioxide
production, assuming a respiratory quotient of 0.85.
Exercise EE (EEE) was also collected from match and
training GPS data to quantify the players’ EA using the
metabolic power equation calculated by GPS software.”
Physical activity level (PAL) was calculated from TDEE
(DLW) and measured resting metabolic rate (RMR)
(Vyntus CPX, CareFusion, Hoechberg, Germany, Sentry-
suit v. 2.21.4), as well as the Cunningham and Harris
Benedict equations, for comparative purposes. This was
possible as players completed RMR measurements during
the data collection, following the best practice guidelines
for RMR measurements,? as part of a larger projcct.“’7 A
more thorough methodological description is available
elsewhere.™

Energy availability
EA on match and training days were calculated using the
estimated EEE derived by the GPS using the formula (EA

= [EI-EEE] / FFM (Fatfree mass)).”” The estimation of

the average EA during the 14 days was calculated using
the method described by Morehen et al.'! Specifically,
the thermic effect of food (TEF) was assumed to be 10%
across individuals,” estimating activity EE (AEE) possible
through the formula (AEE=TDEE - [RMR+TEF]) and
subsequently EA (EA=EI - [AEE/FFM]). LEA was defined
as <30 kcal/kg FFM/day, consistent with previous litera-
ture. 1529

Statistical analyses

Descriptive statistics are presented separately for the total
training load on match and training days. Average daily
EI was calculated using the weighted mean from training,
match and rest days. EI on different days was allocated a
percentage weight based on their frequency during the

Dasa MS, et al. BMJ Open Sp Ex Med 2023;9:¢001553. doi:10.1136/bmjsem-2023-001553 3
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Table 3 Energy and macronutrient intake on training,
match and rest days

Training Match Rest

Energy intake  Kcal/day 2247+485 2468+834 2195+834
Carbohydrate g 253+73 289+115  244+101

a/kg 4.0+1.3 4.5+1.9 3.9+1.6
Protein g 102+23 105+40 95435

a/kg 1.6+0.4 1.7+0.7 1.5+0.6
Fat g 85.3+25 93+1.4 86+42

a/kg 1.3+0.4 1.4+0.7 1.3+0.7

study period. The difference between TDEE and EI, phys-
iological load, and the differences between energy and
macronutrient intake on training, match and rest days
were analysed using paired Student’s t-tests, corrected
for familywise error and the Holm’s test. The mean EI
and positional differences in TDEE and EI were assessed
using one-way analysis of variance (ANOVA) or repeated
measures ANOVA. Post hoc Holm’s correction was made
if a significant main effect was present. The relationship
between TDEE and possible explanatory variables was
tested using Pearson’s r. The statistical analysis followed
best practice guidelines® and was conducted with JASP
(V.0.16.4). The alpha level was set to p<0.05, and all data
are presented as mean=SD unless otherwise specified.

RESULTS

Training and match load

Table 2 presents the average physiological work
completed by the players on match and training days.
The mean number of match and training days were
1.7+1.5and 10.7+0.9, respectively. For all speed zones
(1-5), the intensity was higher (p<0.001, table 2) on
the match vs training days. There was also a statistically
significant difference in the total distance on the match
vs training days (p<0.001).

Energy intake

The average weighted EI was 2274+450kcal. Table 3
provides an overview of the energy and macronutrient
intake on training, match and rest days. There was signifi-
cantly higher EI on match (2468+834kcal) vs rest days
(2195+834 kcal, p=0.046), but not for training (2247+485)
vs match (p=0.094) or training vs rest days (p=0.647). For
CHO intake, there was a significant difference between
training (4.0x1.3g/kg) and match days (4.5+£1.9g/kg,
p=0.025) and match vs rest days (3.9+1.6g/kg, p=0.004).
There was no significant difference between training and
rest days (p=0.429).

We found no statistical differences in protein or fat
intake on match (protein 1.7+0.7g/kg, fat 1.4x0.7g/
kg), training (protein 1.6+0.4,) g/kg, fat 1.3+0.4) g/kg)
and rest days (protein 1.5+0.6g/kg, fat 1.3+0.7g/kg) or
in terms of energy and macronutrient intake according
to player positions. Table 4 provides an overview of EI
and macronutrient distribution for the different groups.
For macronutrient and caloric distribution, see online
supplemental figures 1 and 2, online supplemental file 1.

Energy expenditure

The average TDEE was 2918+322kcal (45.4 kcal/kg).
During the measuring period, the players’ BM did
not significantly change, with a mean of 65+7.9kg and
64.7+7.8kg for days 0 and 14 (p>0.05), respectively.
Hence, the discrepancy between EE and EI indicates
under-reporting nutritional intake by ~22%. The average
PAL value was 2.0+0.3 (measured RMR), 1.98+0.2
(Harris-Benedict equation) and 1.89+0.2 (Cunningham
equation), respectively, all displaying moderate PAL
(table 4 and figure 1). There was a statistically significant
positional difference in TDEE between goalkeepers and
defenders (p=0.010), midfielders (p=0.001) and attackers
(p=0.008), respectively (table 4). The analysis demon-
strated statistically significant differences in BM between
goalkeepers and defenders (p<0.001), midfielders
(p<0.001) and attackers (p=0.001), respectively. Lastly, we

Table 4 Daily energy expenditure and macronutrient intake for the whole group and different player positions

TDEE Kcal/day 2918322 2926274 2817+325 2874+325 33934258
keal/kg 45.4 46.9 44.8 45.3 452
A 2.0+0.3 2.1+0.3 1.9+0.3 2.0+0.2 2.0+0.4
AL s 1.98+0.2 2.0+0.2 1.9+0.1 2.0+0.2 2.1+0.2
PALCumingham 1.89+0.2 1.9+0.1 1.9+0.1 1.9+0.2 2.0+0.2

Daily El Kcal/day 2274+450 2393+516 2322+442 2137+321 1985+419

Carbohydrate g 250+70 258+89 260+68 227+37 229+57
a/kg 3.9x1.1 4.2+1.4 4.1+1.1 3.6+0.7 3.3+0.8

Protein g 99421 104+21 99+22 90+16 99+15
g/kg 1.5+0.4 1.7+0.4 1.6+0.3 1.4+0.3 1.3+0.2

Fat g 84124 92+19 84422 80+31 71+18
a/kg 1.3+0.4 1.5+0.3 1.3+0.4 1.2+0.5 0.9+0.3

El, energy intake; PAL, physical activity level; TDEE, total daily energy expenditure.
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found a significant linear relationship between TDEE-BM
(r=0.64, p<0.001), TDEE-FFM (r=0.73, p<0.001), TDEE-
height (r=0.49, p<0.001), TDEE-RMR (r=0.58, p<0.001)
and TDEE -AEE (r=0.76, p<0.001) (figure 2). The
corresponding non-linear quadratic effects were not
significant.

Energy availability

EA derived from EEE (table 2) showed that the average
EA was 36.7+17.7 kcal/kg FFM/day on matchday and
37.9+11.7 kcal /kg FFM/day on training days, with a prev-
alence of 36% and 23% for LEA, respectively. Average EA
derived from AEE (TDEE - [RMR+TEF], was 21.6+10.7

kcal/kg FFM/day, indicating a prevalence of 74% for
LEA.

DISCUSSION

This study aimed to determine TDEE through the DLW
method, together with the quantification of EI and preva-
lence of LEA in professional female football players.

Energy expenditure

TDEE during the 14 days was 2918+322kcal, which may
be considered moderate.” Furthermore, the estimated
PAL based on RMR demonstrates that the Harris-
Benedict equation is more accurate for female players
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Figure 2 Correlation between TDEE (kcal) and explanatory variables body mass (A), FFM (B), height (C), RMR (D) and AEE (E).
AEE, activity energy expenditure; FFM, fat-free mass; RMR, resting metabolic rate; TDEE, total daily energy expenditure.
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than the Cunningham equation. Our results are similar
to those of Morehen et al,'' who speculated that energy
requirements on the international level are greater than
national-level teams. Our results contraindicate this
statement and, as such, provide an evidence base for
future nutritional guidelines, including both interna-
tional and national level players. Our results also show
that TDEE in elite female players ranges between 35.8
and 55.7 kcal/kg, analogous to eclite male players.” '
These findings confirm that based on EE, nutritional
recommendations should not differ between sexes.'”
Nevertheless, several mechanisms may affect substrate
metabolism, and more research regarding potential sex
differences is needed.* Although the energetic demand
of female football seems moderate, the strain on
muscles in terms of eccentric loading through repeated
accelerations and decelerations is immense and must be
accounted for.** ¥

Energy intake

Given the mean EI of 2274+450kcal, the use of DLW
assessed TDEE as a reference, and the non-significant
changes in BM, the level of under-reporting in EI (about
22 %), is comparable to other athlete studies.”® Similar
studies in elite female football players have rcPorted
estimated EI ranging from 1923 to 2387 kcal.” ® ' 18
Thus, our findings converge with previous studies on
the absolute level of EI and previous findings of under-
reporting EL'" In the most recent UEFA expert group
statement on nutrition in elite football, 6-8g/kg of
CHO is recommended on match day.'” However, in our
sample, only 24% of players met these recommenda-
tions. The same expert group statement recommends
3-8/kg on training days, depending on duration,
intensity and player goals.'” Our results show that over
50% of players had CHO intakes of 4g/kg or lower on
training days, which is likely inadequate for most of this
cohort. If corrected for under-reporting by increasing
EI by 22%, assuming equal distribution of macronu-
trient intake, the average CHO intake is still only 5.4 g/
kg on match days, while over 30% of players still present
with an intake of 4g/kg or lower. These findings indi-
cate that female elite football players generally consume
inadequate amounts of CHO, which may hamper
performance as muscle glycogen stores are unlikely to
be adequately replenished for matches.” * Our find-
ings also provide evidence of minimal periodisation of
caloric intake in relation to external work performed,
contrary to current guidelines.*” Conversely, protein
intake was well within the recommendations for
training, match and rest days. The disproportionately
low CHO intake in the current study may be interpreted
in light of recent findings among female professional
football players,™ stating that reduced adherence to
current nutritional guidelines may be due to misconcep-
tions about the impact of CHO on body composition,
contributing to weight gain.

Energy availability

Using the classification by Loucks et al® our findings
that 23% of the players presented with LEA on training
days and 36% on match days align with previous findings
among tier 3 and 4 athletes,” ' in principle supporting
the notion that female football players may be at risk
for LEA during the season. Applying the same correc-
tion factor by increasing EI by 22%, the prevalence of
LEA was 7% on training days and 29% on match days,
suggesting a considerable reduction in actual incidence.
In terms of the estimated average EA for the entire 14-day
period, 76% of the players presented with LEA. However,
this number was reduced to 45% when applying the
correction factor. Again, these numbers are comparable
to recent findings using similar methods but higher than
those reported using EEE to quantify EA.”®% As our esti-
mates converge with previous findings, this indicates that
under-reporting may also have been present in previous
studies.

Strengths and limitations

Although being the first study to provide measures of
TDEE using DLW in a sample of national and interna-
tional female football players, there are limitations that
need consideration. The first concerns the use of the
self-reported dietary method for assessing EI. However,
this generally applies to studies using dietary assess-
ments. In addition, the 24-hour diet recall method has
been shown to provide estimates ranging between 8%
and 30% of underreporting, thus, providing better
accuracy than most comparable methods.*’ By applying
average weighted EI based on match, training and rest
days, similar to previous studies,"’ we were able to provide
assessments of EI with a high degree of compliance from
the participants. Nevertheless, there appears to be some
systematic error related to the measurement of El in this
study.” A second possible limitation concerns the estima-
tion of EEE, which was calculated using metabolic power
based on GPS, as this device has been shown to under-
estimate high-intensity bouts of intermittent exercise.""
Regarding EA, we acknowledge the methodological
difficulties of applying overall AEE. However, we believe
it provides insight for comparisons between different
measures of EA. Lastly, our classification of LEA (<30
kcal/kg FFM/day) is based on laboratory studies with
high internal validity, whereas new evidence suggests that
daily EA is more heterogeneous.* This increases some
uncertainty in the estimates of LEA.

CONCLUSION AND IMPLICATIONS

In conclusion, in-season international and national
female football players show moderate levels of TDEE,
comparable to what has been reported in professional
males. The fact that female players fail to meet the recom-
mended nutritional demands (notably CHO) should also
be addressed by team supports staff and players. Lastly,
our data indicate that the prevalence of LEA among

6 Dasa MS, et al. BMJ Open Sp Ex Med 2023;9:¢001553. doi:10.1136/bmjsem-2023-001553
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female football players may be inflated due to under-
reporting of EI.

Twitter Marcus Smavik Dasa @marcusdasa
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Abstract

Background The Low Energy Availability in Females Questionnaire (LEAF-Q) is a screening tool developed to detect
endurance athletes and dancers at risk for development of persistent low energy availability (LEA) and the female athlete
triad (Triad). This study investigated the applicability of the LEAF-Q in a cohort of sixty professional female football players.

Methods The participants were classified as at risk (= 8) or not at risk (< 8) for persistent LEA and the Triad according to their
LEAF-Q score, before being compared. Receiver operating curves were then conducted to examine the ability of the overall
LEAF-Q and subcategories to correctly determine the presence of clinically defined markers of the Triad. Additionally, Youden's
index was calculated to determine the best fitting cut-off values.

Results Thirty-two percent of participants were classified as at risk by the LEAF-Q. We found no statistically significant differ-
ences between the two groups for any markers associated with persistent LEA. Except for acceptable accuracy in determin-
ing menstrual status, all other LEAF-Q components exhibited poor accuracy and predictive values. Youden's index scores
imply that increasing the overall and injury cut-off values to > 10 and > 5 respectively, would yield increased performance.

Conclusions Our findings do not support the use of the LEAF-Q for the purpose of detecting LEA and Triad condi-
tions among female football players.

Key points

« The LEAF-Q is a screening tool developed to identify female endurance athletes and dancers at risk for develop-
ment of low energy availability and the female athlete triad. The questionnaire has been used in a wide range
of athlete populations, including female football players, without sufficient knowledge about its applicability.

» The prevalence of acute and impact injuries in football, compared to endurance sports and dancing, may intro-
duce substantial bias, leading to artificially inflated scores on the questionnaire.

« Our findings do not support the use of the LEAF-Q for the purpose of detecting symptoms of the female athlete
triad and LEA among female football players.
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Introduction

Energy availability (EA) is defined as the difference
between energy intake (EI) and exercise energy expendi-
ture. It is expressed relative to an individual’s fat-free
mass (FFM) and represents the residual amount of
energy available to sustain all physiological functions
[1]. Consequently, low energy availability (LEA) denotes
the state where the body receives insufficient energy to
optimally perform these functions. Despite emerging evi-
dence indicating individual variation in response to LEA,
it is commonly defined as<30 kcal/kg™ FEM/day~! [2].
Persistent or severe LEA are recognized as the etiologi-
cal underpinning of both the female athlete triad (Triad)
and Relative Energy Deficiency in Sport (REDs) (3, 4].
The Triad encompasses three interrelated conditions:
EA, menstrual function and bone health, all ranging on
a continuum from health to disease, with LEA as a causal
factor of Triad dysfunction [5]. The REDs model, how-
ever, describes a broader range of potential consequences
affecting both health and sports performance among
males and females, caused by LEA [3]. Despite discus-
sions regarding the scientific rigor and causal evidence
supporting the REDs model [6], it now contributes to
the International Olympic Committee’s (IOC) consensus
statement and guidelines for supporting athletes’ health
[3].

The Low Energy Availability in Females Questionnaire
(LEAF-Q) is a screening tool developed for endurance
athletes and dancers, and is validated against clinical
markers of the Triad and persistent LEA [7]. The LEAF-
Q consists of 25 items that assesses three subcategories:
injuries, gastrointestinal symptoms, and reproductive/
menstrual function, respectively. The original study rec-
ommended that additional validation of the question-
naire is necessary before utilizing it beyond the intended
population [7]. The clinical utility of the LEAF-Q was
recently examined in a mixed-sport cohort of athletes
within individual sports, as well as netball and water polo
[8]. It was concluded that the LEAF-Q was suitable to
“rule out” LEA-related conditions in athletes who scored
below the originally published cut-oft value, however, it
failed to identify athletes “at risk” of the Triad or LEA
with its associated symptoms.

Football is characterized by a mixture of high- and low-
intensity efforts and actions, and is played on a relatively
large pitch (90-120 m length, 45-90 m width) [9]. High-
level female players usually cover between 9-11 km dur-
ing a game [10]. As such, football sets itself apart from
the majority of contemporary individual and team sports.
Although LEA and its associated symptoms are thought
to be most prevalent in endurance and weight-sensitive
sports [3], studies have reported a wide range of preva-
lence estimates among female footballers, depending on
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the measurement methods applied [11-16]. This includes
studies employing the LEAF-Q to screen for the Triad
and LEA, despite insufficient evidence for its application
in this population [12, 13, 17]. As LEA and subsequently
REDs may have profound ramifications for athletes’
health and performance, there is a need to investigate
the suitability of commonly used measurement instru-
ments among female football players. Therefore, the pur-
pose of this study was to evaluate the applicability of the
LEAF-Q as a screening tool for female football players.
Using a cohort of professional female football players, we
examined the capacity of the LEAF-Q to identify markers
associated with the Triad and persistent LEA and to cor-
rectly classify players at risk for these conditions.

Methods

Study Design

In the present cross-sectional study, we conducted a
comprehensive analysis of multiple clinical markers
related to the Triad [7] and previously published litera-
ture on the subject [18-21]. The data collection was con-
ducted between October 2021 and May 2022. Within
two weeks each participant completed all measurements
across two subsequent days.

Participants

Sixty female football players from three Norwegian teams
were included in the study. Eight players were currently
representing the Norwegian senior national team, while
another eight players represented their designated youth
national team. The participants were classified as tier 3
(national level) or 4 (international level) according to the
athlete classification framework [22].

Body Composition and BMD

Body composition (% fat mass, FFM) and bone mineral
density (BMD) were assessed in a fasting state using
Dual-Energy X-Ray Absorptiometry (DXA; Prodigy,
Encore, SP 4.1, version 18, GE medical systems, Madison,
Wisconsin, USA), according to best practice guidelines
[23]. Before completing the scan, body weight (Seca 869,
Hamburg, Germany) + 0.1 kg and height (Seca, Hamburg,
Germany) was recorded. Participants, dressed in minimal
attire (i.e., tights and t-shirt), were situated in the supine
position, ensuring their body was properly aligned with
the central longitudinal axis of the scan table. Both arms
were positioned alongside the body, in neutral position
to minimize overlapping of anatomical structures. Par-
ticipants first underwent a total body scan for assessment
of body composition. This was followed by an anteropos-
terior scan of the lumbar spine (L1-4) and bilateral hip
densitometry to evaluate BMD. Automatic analysis was
performed using the manufacturer’s software (Encore,
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SP 4.1) and manually adjusted if indicated. All measure-
ments and analyses were conducted by the same certified
technician to avoid inter-rater variability and error.

Energy Availability

Measures of EA were estimated through resting meta-
bolic rate (RMR). Specifically, RMR <30 kcal/kg™" FEM/
day™! or RMRp,;,<0.90 using the measured value, and
the Cunningham equation was considered indicative
of LEA [24, 25]. RMR is considered a viable option for
estimating EA, when used in combination with other
markers, as well as being strongly correlated with energy
deficiency and amenorrhea in exercising women [26, 27].
Due to significant challenges associated with the direct
measurement of EA, and the lack of a gold standard
method, it was deemed appropriate to utilize this surro-
gate marker [28, 29].

RMR was measured with the participants arriving at
the test facility by motorized transportation between
06 and 09 a.m. in an overnight fasted state. Participants
were placed in a silent room, in the supine position for
5 min, before a ventilated canopy hoodie (Vyntus CPX,
CareFusion, Hoechberg, Germany, Sentrysuit v. 2.21.4)
was positioned. Oxygen consumption (VO,) and car-
bon dioxide production (VCO,) were then measured for
25 min, where the average value for the last 20 min was
used to assess RMR.

Screening Instruments

Participants filled out the LEAF-Q after completion of
RMR and DXA measurement, at the testing facility. The
questionnaire was administered with a portable tablet,
using a digital encrypted platform (Nettskjema, Uni-
versity of Oslo, Norway). Participants were classified as
at risk (total score>8) or not at risk (<8) for the Triad,
according to the LEAF-Q scoring system [7]. Further, in
accordance with the original publication, the LEAF-Q
cut-off values associated with increased risk for Triad
dysfunction were applied in the same manner (Inju-
ries(>2), gastrointestinal symptoms (>2) and menstrual
function (>4)). As LEA may be present with or without
disordered eating [30], the participants also completed
the Eating Disorder Examination Questionnaire (EDE-Q
11). This has been extensively used to assess self-reported
eating behavior pathology [31]. Information on the his-
tory of stress fractures, which has been strongly linked
with LEA [32], was obtained through a custom-made
question that specifically inquired about the injury posi-
tion and frequency.

Menstrual Function
The LEAF-Q was used to determine menstrual status,
i.e., eumenorrheic or amenorrheic (oligomenorrhea was
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considered as amenorrhea). Menstrual status could not
be determined in participants who reported usage of
hormonal contraception (55%). As it was not considered
ethically acceptable to request cessation of hormonal
contraceptive usage, the menstrual status was only classi-
fied in 27 of the participants (45%).

Blood Samples

After an overnight fasting period (8-10 h), blood was
collected for both plasma and serum samples [33]. These
samples were stored in Biobank Haukeland, Laboratory
Medicine and Pathology, Haukeland University Hos-
pital, Bergen, Norway, in 3.5 ml serum/gel vacutainers
before analyses. Analyses that have either been directly
linked to or associated with LEA were assessed. This
included glucose, insulin, thyroid stimulating hormone
(TSH), free triiodothyronine (T;), free thyroxine (T,),
insulin-like growth factor 1 (IGF-1), and leptin, which
were analyzed at the Department of Medical Biochem-
istry and Pharmacology, Haukeland University Hospital,
Bergen, Norway. The laboratory is accredited in compli-
ance with ISO 15189:2012. Glucose was analyzed using
Cobas 8000, TSH, free T; and free T, were measured
with Cobas e801. Insulin and IGF-1 were analyzed using
Immulite 2000 XPi, whereas leptin was determined using
an enzyme-linked immunosorbent assay kit (Mediagnost
Cat#E07, RRID: AB_2813737)(non-accredited analysis).

Statistical Analyses

The statistical analyses were conducted using SPSS 28
(IBM, Armonk, NY, USA). Variables being non-normally
distributed according to the Shapiro-Wilks test were
described using median and range and between group
variables examined with nonparametric tests (Mann-
Whitney U). Otherwise, parametric tests (Welch’s test for
unequal sample size) and mean + standard deviation (SD)
were reported.

Descriptive statistics are provided for the whole sam-
ple, as well as separately for participants classified as
at risk versus not at risk for symptoms of the Triad, as
defined by their LEAF-Q scores. The alpha level was set
to<0.05.

We used receiver operating curve (ROC) analyses to
examine the ability of the LEAF-Q to correctly deter-
mine the presence of clinically defined markers of the
Triad. For this purpose, we report the area under curve
(AUC), sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (NPV), as well as
the highest Youden’s index [33] locating the best cut-oft
value for the overall and the subcategory LEAF-Q scores.
These sample-derived discriminatory properties and
cut-off scores were compared to the original overall and
subcategory cut-oft scores, as published by the original
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Table 1 Descriptive data for all participants and stratified into groups (at risk/low risk of LEA) based on LEAF-Q score. Brackets indicate

number of participants in the different groups

Measure Total (60) Atrisk (LEAF-Q>8) (19) Low risk (Leaf-Q<8) (41) P

Age (Years) 225[16,32] 210[17,32] 220+[16,32] 0.69
Weight (kg) 64.1+63 643152 64+6.7 0.88
Height (cm) 1689+6.0 169.1+6.3 1688+58 0.86
Fat mass (%) 244 (16, 37) 25[18,33] 23[16,37] 039
BMI (kg/m‘)) 224[19,29] 22.5[19.6,25.6] 224[190,29.1] 0.69
Weekly training volume (h) ® 125432 125+32 12.7+31 082
RMR (kcal) 1464+ 225 1460+ 237 1467 +224 091
RMRi1i0 0.96+0.12 096+0.15 0.95+0.10 065
BMD lumbar spine (Z-score) 12+1 1.0+£09 13+1.0 045
BMD hip (Z-score) 21401 19+08 21+10 049
EDE-Q-11 08[0,3.8] 1[0.3.8] 06[0,34] 0.13
Leptin (ug/L) 6.5[2.6,324] 63[27,324] 6.7 [2.7,32.3] 0.83
Free T, (pmol/L) 49+0.7 48+08 51+06 0.24
Free T, (pmol/L) 158+19 151+1.8 162+138 0.05
TSH (mlU/L) 16(28,68] 1.6 (0.6, 5.0 1.6[06,4.3] 0.98
Glucose (mmol/L) 46(28,68] 4.7(38,5.0] 45+(28,68] 0.65
Insulin (mIU/L) 88+87 75+68 94495 045
IGF-1 (nmol(L) 291+76 296+7.2 289+79 0.75

a=self-reported training volume excluding matches

BMI = body mass index, RMR = resting metabolic rate, EDE-Q = eating disorder examination questionnaire, T3 = triiodothyronine 3, T4 = thyroxine, TSH = thyroid-

stimulating hormone, IGF-1 = insulin-like growth factor 1

authors [7]. The AUC estimates the overall capacity of
the LEAF-Q to correctly discriminate Triad from non-
Triad cases. The AUC value ranges between 0 and 1, with
higher values indicating better discrimination. A non-
discriminatory test has an AUC of 0.5 (50%), while higher
AUC values represent better than random classification
with AUC=1.0 (100%) being perfect. AUC values>0.70
(70%) are considered as fair,>0.80 (80%) as good, and
above>0.90 (90%) as excellent. AUC values below 0.5
indicate reciprocal discrimination that is opposite of
expected [34].

In the event of significant AUC values, precision recall
curves (PRC) were additionally calculated as ROC analy-
ses may be misleading in case of severely imbalanced data
sets (e.g., skewed numbers of positive or negative cases)
[35]. Since the majority of athletes generally are expected
to be non-symptomatic, we were also interested in the
ability of the LEAF-Q score to positively predict individ-
uals with markers of LEA. As such, the PRC may provide
additional information regarding the questionnaire’s ten-
ability through measures of precision (identical to PPV in
ROC)= frue positives and recall (identical to

(true positives+false posit{ves) it
PP . — rue POSl ves
sensitivity in ROC)= true positives + false negatives’
these formulas involve the number of “true negative”
(TN) cases, which is expected to constitute most cases in

the present sample, the PRC curves are likely less biased

As none of

due to the extreme skewness the true negative cases rep-
resent in the ROC curve.

Two participants were excluded from the respective
analyses; one who was not able to provide blood samples
(did not meet for the scheduled appointment), and one
who could not provide a measure of RMR due to illness.

Results

There were no statistically significant differences between
the two groups for any of the clinical markers associ-
ated with LEA, however, free T, had a P-value of 0.05.
Descriptive statistics of the sample, which separates the
women classified as at risk (LEAF-Q > 8) and not at risk
(LEAF-Q<38) is presented in Table 1.

The overall LEAF-Q score had a mean value of 7.0 + 3.0,
whereas the mean values for the subcategories were
3+2.3 (injury), 2+1.7 (gastrointestinal symptoms) and
2+2.4 (menstrual symptoms), respectively. Moreo-
ver, 32% were classified as at risk for the triad (LEAF-
Q total >8). For the subcategories, 68%, 55% and 15%
scored above the LEAF-Q cut-oft score which are asso-
ciated with LEA in the original publication [6] for injury
(>2), gastrointestinal symptoms (>2) and menstrual
symptoms (>4), respectively.

For the overall LEAF-Q, the AUC index was poor for
the clinical markers RMRy,io; BMD)yppa BMDyy, and
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Table 2 Diagnostic performance of the LEAF-Q overall score to identify individuals with clinical indicators of the Triad
Measure AUC[95% ClI] Sensitivity (%) Specificity (%) PPV (%) NPV (%)
RMRg 0 (< 0.90) 046 [031,062] 24 63 26 60
RMRg ;6 (< 0.90) 14 90 50 66
BMD (Z-score<—1)
Hip® = = = & =
Lumbar spine 0.53[0.37,068] 0 68 0 98
Lumbar spine® 100 44 3 100
Hip 0.44[0.28,061] 0 10 0 5
Hip?* 45 100 100 44
Lumbar spine 0.65 [0.40,0.91] 40 69 1 93
Lumbar spine® 40 95 40 95
RMR < 30 kcal/kg ' FFM/day ' 0.44[0.29,0.59] 28 66 37 56
RMR <30 kcal/kg ™' FFM.day'? 12 91 50 59
Amenorrhea [27] 0.86 [0.69, 1.03] 75 79 60 88
Amenorrhea® 75 95 86 90

Cut-off values are based on consensus values derived in the literature

a=Best performing cut-off value based on Youden's index, b=indicates that no participant presented with the condition variable, not allowing for statistical analysis

EA = energy availability, LEA = low energy availability, AUC = area under the curve, Cl = confidence intervals, RMR = resting metabolic rate, FFM = fat free mass, PPV =

positive predictive value, NPV = negative predictive value, BMD = bone mass density

RMR<30 kcal/kg™ FFM/day™' (AUC=0.44 - 0.53),
whereas detection of amenorrhea had a gopod AUC=0.86.
Table 2 provides estimates of sensitivity, specificity,
PPV and NPV, respectively. The PRC for amenorrhea
showed a precision of 67% and a recall of 75%, indicat-
ing a reduction in actual precision compared to the ROC
analysis in terms of identifying athletes at risk. Further-
more, the Youden’s index implies that a cut-off score >10
as opposed to>8 would be more appropriate for this
cohort.

For the subcategories, the AUC index performed
poorly in detecting clinical markers of LEA for BMDy,,
EA, and stress fracture (AUC =0.43-0.47). AUC to detect
amenorrhea was excellent (0.93), but fair (0.78) in detect-
ing BMD) .o indicating overall good performance for
these subcategories (Table 3). The PRC for amenorrhea
showed a precision of 70% and a recall of 88%, while
BMD) by had a precision of 2% and recall of 100%. The
Youden’s index implies that an increase in cut-oft score
to>5 as opposed to>4 yield a better accuracy for the
injury subcategory.

Discussion

The current study aimed to examine the applicability
of the LEAF-Q to identify markers associated with the
Triad and persistent LEA and correctly identify players
at risk for these conditions. In terms of broad indicators
associated with LEA, no statistically significant differ-
ences were observed between the groups. While T,, an
important metabolic regulator, approached significance,

this tendency was not resembled by other hormones,
such as Tj. It is notable that T, more closely associated
with LEA in the literature, is derived from T,, yet did not
follow the same trend [36, 37]. It is possible that further
reduction in T, levels could induce changes in T, within
the at risk group, thereby exacerbating their risk for met-
abolic alterations associated with LEA. Melin et al. found
significant differences between groups for several LEA
related hormones, including leptin, T; and glucose [7].
Consequently, our findings align more closely with those
of Rogers et al. who found minimal variation in LEA indi-
cators between mixed sport athletes, categorized by the
LEAF-Q [8]. Pertaining to our results, the observed uni-
formity in LEA indicators across the groups is consist-
ent with the general performance of the LEAF-Q in this
study.

The overall performance of the LEAF-Q in detect-
ing menstrual dysfunction was commendable, evident
by an AUC of 0.86, suggesting that the original cut-oft
value of>8 is appropriate for this indicator. However,
the questionnaires effectiveness in identifying play-
ers presenting with clinical symptoms of the Triad was
suboptimal, rarely performing better than guessing by
random. Further, among the recalculated cut-oft scores,
only amenorrhea boasted a Youdens'’s index above 50%,
demonstrating poor performance for the recalculated
cut-off scores as well. This underscores the apparent dis-
connect between the perceived risk, as determined by
the LEAF-Q assessment, and the tangible manifestation
of Triad and LEA indicators. It is important to note that
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Table 3 Diagnostic performance of the LEAF-Q subcategories (injury, gastrointestinal symptoms, and menstrual function) to identify
individuals with the associated indicators of the Triad, based on the original publication

Cut off-score AUC [95% CI] Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Injury =2
BMD (Z score<-1)
Lumbar spine 0.78 [0.61,0.96] 100 32 2 100
Lumbar spine® 100 66 5 100
Hip - - - -
History of Stress fracture 0.43[0.25,0.62] 54 28 18 68
BMD (Z score<0)
Lumbar spine 0.77 [0.59, 0.95] 80 33 10 95
Lumbar spine? 80 69 19 97
Hip 047[0.01,092] 50 31 2 95
Hip? 50 66 5 97
Gastrointestinal symptoms = 2
RMR<30 kcal/kg/FFM" 0.45[0.31,0.60] 56 46 42 59
Menstrual function >4
Amenorrhea (27)° 0.93 [0.83, 1.03] 88 90 78 94

LEA Low energy availability

a=best performing cut-off score based on Youden's index; b=indicates that the original cut-off score is the best performing based on Youden's index

the prevalence of positive indicators for Triad and LEA
was relatively low in this cohort, which is consistent with
previous assumptions [38]. This could partly explain the
poor diagnostic performance relative to previous inves-
tigations [7, 8]. Despite this, the LEAF-Q was still unable
to accurately identify individuals without signs of LEA,
strengthening the overall weak performance observed.
For the injury subcategory, the LEAF-Q demonstrated
a fair AUC, as well as excellent sensitivity. Nevertheless,
the specificity and PPV was very poor, showing that the
LEAF-Q would fail to identify individuals with compro-
mised markers, given a higher prevalence of the condi-
tion. The mean injury score was 3.0+2.3 in the context
of an overall mean score of 7.0+ 3.8, resulting in a 68%
prevalence above the>2 cut-oft value. This indicates a
systematic bias toward elevated injury scores among the
participants. It is important to note that the LEAF-Q was
originally validated for endurance athletes and dancers
[7], who primarily experience overuse injuries [39, 40].
Football, on the other hand, is a high-impact sport with
potential for both acute and overuse injuries [41]. This
crucial distinction is not accounted for by the LEAF-Q,
consequently leading to skewed scores and biased results.
Furthermore, the gastrointestinal subcategory perfor-
mance in detecting athletes with Reduced RMRy,;, or
RMR<30 kcal/kg~! FFM/day™' (LEA) was very poor,
with an AUC of 0.45. The original LEAF-Q included
gastrointestinal symptoms as this have been reported in
female athletes suffering from disordered eating and or
eating disorders [42]. It is possible that these disorders

are underrepresented in football, thus making gastro-
intestinal symptoms inappropriate as a clinical marker
among female footballers.

Although the prevalence of LEA and REDs is equivo-
cal in female football players, access to a quality screen-
ing tool is necessary. A recent investigation revealed that
English female football players exhibit insufficient nutri-
tional knowledge and express apprehension regarding
carbohydrate consumption [43]. Moreover, the available
literature indicates that female football players may not
ingest adequate energy amounts to support optimal per-
formance and recovery [11, 15]. Nonetheless, the exist-
ing version of the LEAF-Q lacks the necessary predictive
capacity for usage among female footballers. The ques-
tionnaire was also developed before recent advancements
related to REDs, primarily focusing on the causal rela-
tionship between LEA, menstrual disorders, and BMD
[4, 20]. As such, resources should be allocated to further
exploration of reliable surrogate markers in line with
future developments. Connected to this, a recent debate
has also emerged about the BMD Z-score thresholds for
high-impact sports like football. As athletes experiencing
high amounts of mechanical loading are expected to have
elevated BMD compared to controls, utilizing the same
threshold of<-1 might mask potential consequences
of persistent LEA in football players [44]. Nevertheless,
increasing the BMD threshold to Z-score <0 did not sig-
nificantly change or increase the prevalence estimates in
our cohort.
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A number of participants in the present study were
unable to provide direct assessment of EA. Currently,
there is no recognized gold standard method to quan-
tify EA and there are significant constraints associated
with direct measurement, particularly in intermittent
sports [28, 45]. Hence, we decided to apply a surrogate
marker to quantify EA, diverging from the approach of
the original study. RMR may be prone to confounding
factors such as energy status and recent training inten-
sity/volume [46]. Together with assumptions related
to RMRp,.» this could potentially affect our results. As
a cross-sectional study, outcome variables will reflect
the training and match load at the time of testing. The
study included several teams, which were tested at dif-
ferent periods during the year (October-May). Limits of
the cross-sectional design may therefore, to some extent,
be counterbalanced by catching variability of physiologi-
cal load across seasons and teams. Lastly, due to contra-
ceptive usage among the participants, information about
menstrual irregularities could not be attained by all. This
raises the risk of underestimating the prevalence of actual
amenorrhea in the cohort. This is, however, reflective of
the situation in real world settings [47, 48].

Conclusion

In a diverse array of athletic cohorts, the utilization of the
LEAF-Q screening tool persists, despite the fact that its
validation remains restricted to endurance athletes and
dancers. The poor predictive power of the LEAF-Q does
not support its use for the purpose of detecting symp-
toms of the Triad and LEA with its associated symptoms
among female football players. Consequently, the present
study may serve to reconsider the interpretation of pre-
vious findings where the LEAF-Q has been used to esti-
mate the prevalence of the Triad and LEA in populations
for which it has not been validated. Future development
of health screening tools for football players should con-
sider the impact and injury mechanisms, as compared to
non-contact sports.

Abbreviations

EA Energy availability

El Energy intake

FFM Fat free mass

LEA Low energy availability

REDs Relative energy deficiency in sport

TRIAD The female athlete triad

LEAF-Q  Low energy availability in female questionnaire
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DXA Dual-energy X-ray absorptiometry
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TSH Thyroid stimulating hormone

IGF-1 Insulin-like growth factor 1

EDE-Q Eating disorder examination questionnaire
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Abstract

High prevalence of low energy availability has been reported in female football players, however, the
measurement of energy availability is problematic as it relies on inaccurate measurement
instruments. The present study aimed to investigate the prevalence of indicators associated with
Relative Energy Deficiency in Sport (REDs), as this may provide a better understanding of individuals
suffering from health and performance detriments. Indicators of REDs classified as primary,
secondary, or associated based on their strength of evidence were collected. We included 60
participants (mean age 22.5, mean body mass 64.1 kg) from three Norwegian football teams. The
group was analyzed as one and further stratified based on player position and menstrual status. In
total, absence of any primary, secondary, and associated indicators ranged from 33-55%. By contrast,
3% presented with three of six markers of the primary indicator, 25% presented with two of the five
markers of the secondary indicator while 5% presented with three of the eight markers for the
associated marker. Moreover, 22% presented with clustered primary and secondary indicators.
Amenorrhea as a principal marker of low energy availability was reported by 30% among non-
contraceptive users (n=27). The prevalence of indicators was unrelated to player positions or
whether participants were classified as eumenorrheic or amenorrheic. In total 42% reported not
increasing energy intake in response to match and hard training. Teams should focus on universal,
health promoting strategies to prevent the development of symptoms associated with REDs, notably
by a focus on sufficient energy availability and nutritional periodization.

Highlights
- Nearly half of the participants presented with at least one primary indicator associated with
REDs.
- Amenorrhea was reported by 30% of the non-contraceptive users.
- Amenorrheic athletes displayed significantly higher number of cumulative REDs indicators,
compared to Eumenorrheic athletes.
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- Practitioners and team-support staff should prioritize universal interventions (e.g., nutritional
periodization) to reduce exposure to low energy availability.

Keywords: Relative energy deficiency in sport, Low energy availability, Female athlete, football

Introduction

Relative Energy Deficiency in Sport (REDs) is a syndrome that describes impairments of several bodily
systems, and where its main etiological factor is low energy availability (LEA) »2. LEA is further
defined as inadequate energy intake (EI) relative to exercise energy expenditure, resulting in
insufficient support for maintaining physiological homeostasis 3. LEA and subsequently REDs can
manifest itself with or without disordered eating (DE) behaviors and have severe health and
performance consequences affecting e.g., metabolic, bone, reproductive, psychological and
endocrine functions 2%, Controlled laboratory studies have shown that energy availability < 30/kcal™
kg/FFM*may induce physiological impairments, including secondary amenorrhea which is
considered the principal indicator of REDs, and this threshold have generally been adopted in the
majority of studies 3. However, concerns regarding the ecological validity of this universally applied
threshold have been expressed °.

A recent study on a mixed cohort of athletes reported that the majority of participants exhibited at
least some impaired physiological function, consistent with the REDs model . Further, the
prevalence of anxiety and depressive mood was high. Contrary, a study on Kenyan male and female
distance runners reported few symptoms of REDs, despite a low El 7. Overall, REDs seem to be
present in diverse athletic populations, however, its manifestation may depend on for instance

psychosocial, and cultural factors %82,

Women'’s football is rapidly evolving, and players are exposed to increased physiological demands,
which may vary significantly depending on player position °. Professional players will generally play
1-2 games per week, in addition to 4-6 training sessions, emphasizing the importance of “fueling for
the work required” 12, Studies that have investigated LEA among female football players report that
the prevalence ranges between ~ 20-80% ' However, direct measurement of LEA is intrinsically
problematic due to the high risk of for measurement error, particularly in intermittent sports like
football *°. Therefore, the proportion of female football players factually suffering from health or
performance detriments, caused by LEA, is unknown. In response to these limitations, broad
identification of symptoms indicative of REDs provides a compelling approach when assessing female
athlete health, because outcome variables described by the REDs model is what ultimately
compromises physiological processes, with LEA being the causing factor 2.

Previous studies indicate that the prevalence of LEA in female athletes is extensive 134 but the
accuracy of methods used to quantify EA is questionable 7', Alternatively, measurement of
outcomes defined by the REDs model can offer information about the true prevalence of indicators,
thus informing the need for universal prevention of REDs within this population. In accordance with
the 10C’s request for additional research in this domain 2, the primary aim of this study was to assess
the prevalence of indicators associated with REDs in a cohort of professional female football players.
Secondary, we aimed to explore if the prevalence of indicators of REDs varied across player positions,
as well as between eumenorrheic and amenorrheic women.
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Methods

Study design and participants

The study was designed as a cross-sectional observation study, where data collection took place
between October 2021 and May 2022 8. Planning and data collection were done in agreement with
the coaching staff, to avoid interference with the team’s normal schedule. In total, 60 participants
from three Norwegian teams competing in the national premier league and first division were
recruited. Eight participants were currently representing their senior national team, while another
eight participants represented their designated youth national team. Participants were classified as
tier 3 (national level) or 4 (international level) *°.

Ethics

The study was approved by the Norwegian Center for Research Data (807592). All aspects concerning
sampling and storage of biochemical material were additionally approved by the Regional Committee
for Medical and Health Research Ethics (2016/787). All players signed a written consent form before
partaking in the study.

Clinical measures

The clinical measures were conducted over two days and a schematic overview of the protocol is
presented in Figure 1. All testing was done in an overnight fasted state between 06-10 a.m. Each
team conducted all testing during a 14-day period coinciding with a concurrent data collection
process, which is explained in detail elsewhere 4,

Insert Figure 1 approximately here.

Resting metabolic rate

Participants conducted an indirect calorimetry protocol, using a ventilated canopy hoodie (Vyntus
CPX, CareFusion, Hoechberg, Germany, Sentrysuit v. 2.21.4). They were instructed to arrive at the
laboratory facility using motorized transportation, providing minimal physical strain. On arrival,
participants were placed in a silent room, in a supine position for 5 minutes before the canopy was
positioned. Oxygen consumption (VO3) and carbon dioxide production (VCO) were measured over a
25-minute period, where the last 20 minutes were used to assess resting metabolic rate (RMR).

Body composition and bone mineral density

Body composition including bone mineral density (BMD) was measured using dual-energy X-ray
absorptiometry (DXA) (Prodigy, Encore, SP 4.1, version 18, GE medical systems, Madison, Wisconsin,
USA). The Z-score values were determined from the lumbar spine (L1-4) and hip for all participants
and followed the recommended guidelines for best practice 2°. All measurements and analyses were
conducted by the same certified technician.

Hormonal markers

After an overnight fasting period (8-10 hours), blood was collected for both plasma and serum
samples. These samples were stored in Biobank Haukeland, Laboratory Medicine and Pathology,
Haukeland University Hospital, Bergen, Norway prior to analyses. All analytes were assayed at the
Department of Medical Biochemistry and Pharmacology, Haukeland University Hospital, Bergen,
Norway. The laboratory is accredited in compliance with ISO 15189:2012. Glucose, Total-cholesterol,
and low-density lipoprotein (LDL) were analyzed using Cobas 8000 c702, whereas thyroid stimulating
hormone (TSH), free trilodothyronine (FT3), free thyroxine (FT4), and ferritin was assayed using Cobas

3

110



8000 e801. C-terminal telopeptide of type 1 collagen (CTX-1) and procollagen type 1 N-propeptide
(P1NP) were assayed using Cobas c602. Insulin and insulin-like growth factor 1 (IGF-1) were analyzed
using Immulite 2000 Xpi, whereas leptin was assayed using an enzyme-linked immunosorbent assay
kit (Mediagnost Cat#EQ7, RRID: AB_2813737) (not accredited analysis). Serum cortisol was analyzed

using an in-house-developed high-performance liquid chromatography-tandem mass spectrometry
21

Self-reported physiological and psychological outcomes

After completing the RMR and DXA measurement, participants were given breakfast and instructed
to complete an electronic questionnaire administered on a portable tablet (iPad pro, Apple,
California, USA). Participants completed a survey consisting of several previously validated
questionnaires. These included the Low Energy Availability in Females Questionnaire (LEAF-Q) %, the
11-item Eating Disorder Examination Questionnaire (EDE-Q 11) 23, the Bergen Insomnia Scale %, the
Chalder Fatigue Scale (CFS) %, the 12-item General Health Questionnaire GHQ) %, as well as an
adapted version of the Oslo Sports Trauma Research Questionnaire (OSTRCQ) ?’. Further,
customized questions regarding diet and El on match, training and rest days were administered, as
well as questions specifically inquiring about history of stress fracture, including injury position and
repetitiveness. All questionnaires were completed using an encrypted digital platform (Nettskjema,
University of Oslo, Norway).

RED-S indicators and pooling

Indicators were categorized as primary, secondary or associated based on the strength of evidence
associated with LEA and REDs %52, Primary indicators included secondary amenorrhea (based on
self-reported menstrual status from the LEAF-Q) %°, low levels of FT3 3°, elevated score on the EDE-Q-
112, BMD Z-score at the hip or lumbar spine (L1-4) below -1, and history of stress fracture,
respectively 3!. The secondary indicators comprised low levels of IGF-1 3, blood glucose *?, TSH %3;
elevated LDL 3*, major time loss from both training and match participation caused by
iliness/sickness measured by the OSTRCQ ?’. Associated indicators included low RMR (defined as <
30kcal/kg™ FFM/day™ *), ferritin 3¢, leptin *°, FT, %%, PINP *’; elevated total cholesterol 34, CTX-1 *’,and
cortisol *° respectively.

The clinical findings from the screening process were scored dichotomously as positive (1) or
negative (0) similar to the outline described elsewhere 3¥3°. Symptoms consistent with REDs and cut-
off values were determined based on previously published literature and expert opinions °. FT3 and
IGF-1 have displayed attenuated serum levels within the reference range in LEA and amenorrheic
athletes, compared to controls 2232, Therefore, these markers were considered positive if values
were within or below the lowest quartile of the reference range. Other blood markers applied were
considered positive if the values fell outside of the clinical reference range. Since there may be
variation in laboratory reference ranges and absolute values, depending on factors such as pre-
analytic conditions and instrumentation *!, we consequently applied the clinical reference values of
the testing laboratory . As for leptin, our laboratory did not provide a standardized reference range.
The cut-off value was therefore determined based on the effect of induced LEA on this hormone
demonstrated in previous literature *.

Statistical analyses
Data analyses were conducted using the open software R (version 4.2.2). The cohort was analyzed as
one, then further stratified into groups and compared for differences based on player position with

4
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the Welch’s t-test, analysis of variance (ANOVA), Chi square test, or Pearson’s correlation coefficient.

The point prevalence of each RED-S criteria was calculated for the whole group and subgroups (point
number of cases
population size for assessment

prevalence = ) using individual criteria for each condition. Data are

presented as mean * standard deviation (SD).

Since amenorrhea is considered the principal indicator of LEA !, the sub-group of participants not
using hormonal contraception (n=27) were also analyzed separately and divided into an
eumenorrheic (EUM) and amenorrheic (AME) group, based on menstrual status retrieved from the
LEAF-Q ?2. The two groups were compared using the Welch's test.

Results

The 60 female football players’ mean age was 22.5 (+ 3.7), with a mean height 168.9 cm (£ 6.0), a
mean body mass of 64.1 kg (+ 6.3), body mass index 22.4 kg/m? (+ 1.7), percentage fat mass (FM)
24.7% (+ 4.2), and a fat free mass (FFM) of 49.3 kg (+ 4.7). The self-reported weekly training volume
was 12.5 hours (+ 3.2), excluding games.

Insert figure 2. approximately here

In total, 55% of the players presented with no primary indicators. Moreover, 33 %, 9% and 3%
presented with one, two, and three primary indicators, respectively. In terms of secondary
indicators, 33% of the players presented with no indicators, 42% with one indicator, and 25% with
two indicators. Lastly, for the associated indicators, 33% of the players presented with none, 50%
with one, 12% with two and 5% with three, respectively. We found a 22% prevalence of participants
with clustered primary and secondary indicators. A distribution of all REDs indicators is presented in
Figure 2. Notwithstanding a positive correlation between RMR and TSH values (r = 0.31, p = 0.021)
non-significant correlations were found between the number of primary and secondary (r =0.10, p =
0.437), primary and associated (r = 0.24, p = 0.057) or secondary and associated (r = 0.07, p = 0.592)
indicators. On the other hand, significant positive correlations were found between the eating
disorder symptoms (EDE-Q 11) and sleep disturbances (BIS) (r = 0.33, p = 0.010) as well as between,
general health (GHQ-12) (r = 0.43, p < 0.001), and fatigue (CFI) (r = 0.040, p = 0.002). Additionally,
42% reported they do not increase El on match and hard training days, while 22% reported
deliberately decreasing their energy intake on rest days and easy training days.

Insert table 1. approximately here

The prevalence of primary, secondary, or associated indicators of REDs was unrelated to players’
position. We found a significant main effect (ANOVA) for body mass (p <0.001), FFM (p < 0.001), and
BMD (p = 0.035), with goalkeepers having significantly higher values compared to other player
positions for all these measures (Table 2). There was also a significant difference in cortisol between
defenders and all other player positions (p = 0.034).

Insert table 2. approximately here

We found no differences in anthropometric measurements or age between the AME and EUM
groups (AME: age 20.0 £ 4.4, height 171.5 + 5.3 cm, body mass 68.1 + 4.5 kg, FM 24.7 + 4.3 %, FFM
52.7 +5.8 kg; EUM: age 22.6 + 4.2, height 167.7 + 6.8 cm, body mass 63.6 + 8.1 kg, FM 25.5 £ 5.1 %,
FFM 48.8 + 5.6 kg). Excluding menstrual dysfunction as an indicator, the AME group displayed
significantly higher number of cumulative REDs indicators (2.9 + 1.4) compared to the EUM group

5
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(1.6 £ 0.6); (p < 0.005). There were no significant differences for any individual REDs indicators,
although the AME group consistently displayed unfavorable outcomes, compared to EUM group
(Figure 1-3 supplementary materials). In addition, the AME group reported higher incidence of stress
fracture history (AME 38% vs EUM 16 %, p > 0.005), while the proportion of major time loss due to
iliness/sickness was 0% and 26% in the AME and EUM group, respectively (p > 0.005)

Discussion
The present study is the first one to report on the prevalence of a wide range of indicators outlined
by the REDs model in female football players, quantifying the impact of prior estimates of LEA.

REDs indicators

One third of the participants presented with a singular primary indicator of REDs. Despite no
correlation between cumulative incidence of primary, secondary, and associated indicators, a
significant proportion of the cohort presented with either two or three groups of indicators. Our
findings confirm that female football players may be at risk of developing REDs, which is in
concurrence with prior prevalence estimates of LEA in this population >4, Recent evidence suggests
that adverse health outcomes associated with LEA exhibit individual variability along a spectrum,
challenging the conventionally accepted threshold criteria °. This could explain why previous
estimates of LEA in female football players are higher than the proportion of players deemed at high
risk for development of REDs in the current study >*3. This underscores the importance of adopting
an individualized approach when addressing the health and nutritional needs of athletes. It is also
interesting to note that goalkeepers had significantly elevated BMD, together with %FM compared to
other player positions, which on a physiological level, may be regarded as a protection for
development of REDs.

The 30% prevalence of amenorrhea among participants not using hormonal contraceptives, are akin
to prevalence figures reported among elite endurance athletes 3. This was unexpected, as
endurance athletes generally are seen as more susceptible to menstrual disturbances, compared to
team-sport athletes *. Similar to the findings from Rogers et al., other features of the female athlete
triad (Triad) were less prevalent, i.e., disordered eating (10%) and BMD (2%) than several of the
broader symptoms of REDs.

Contrary to previous studies on elite athletes, we found no statistically significant difference between
the AME and EUM group for any indicators of REDs %%, Despite this, the AME group consistently
demonstrated unfavorable outcomes concerning the REDs indicators compared to EUM participants.
As REDs is diagnosed clinically, based on the relative weight of symptoms, this difference could be of
clinical importance. It is also important to note that the AME group was significantly smaller in size
compared to the EUM group, attenuating the statistical power of the analysis.

Blood markers

Impairments to the hormonal milieu following LEA is described in detail by the REDs model 2.
Nonetheless, few large scale studies conducted outside of controlled laboratory settings have
provided causal evidence for the broad range of hormonal markers linked to the syndrome *. The
current cohort exhibits considerable prevalence of attenuated FT3, the hormone most strongly
associated with REDs, at 13%. Elevated LDL levels had a prevalence of 22 % in the current study,
however, no difference between the AME and EUM group was observed. Rickenlund et al. reported
that AME was associated with unfavorable lipid profiles in female endurance athletes, analogous to

6
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findings reported among individuals with anorexia nervosa **. Nonetheless, the difference in body
composition between the present investigation and that study is substantial. It is therefore unlikely
that the relatively high occurrence of elevated LDL observed can be directly attributed to LEA, but
rather is normally distributed throughout this cohort. Leptin, another important metabolic regulator
associated with LEA has been highlighted as a promising marker for REDs *’. Our findings seem to
coincide with those of Rogers et al., who observed no relationship between increased risk of REDs
indicators and attenuated levels of leptin ®. Regarding cortisol, the fact that 25% of participants
presented with high levels should be interpreted with caution, as this hormone is known to be
sensitive to several factors, including stress, which may explain the high occurrence in the present
study. We observed a statistically significant difference between defenders and other player
positions for this hormone but cannot attribute this difference to any specific reason, highlighting the
probability of a spurious finding.

Overall, the cohort exhibited low prevalence of broad alterations in blood markers. Nevertheless,
several individuals had compromised hormonal values, including FT;, likely increasing their risk of
developing the REDs syndrome.

Bone health

Severe LEA is shown to have direct effects on BMD in female athletes 2. Bone remodeling is affected
by the interplay between osteoblasts, osteocytes, and osteoclasts, which among other factors are
influenced by mechanical loading and nutrition *°. A Z-score of < - 1 is usually applied when utilizing
BMD as an indicator of REDs *. However, the universal application of this threshold, regardless of
sport and consideration of mechanical loading has been under scrutiny. Football is characterized as a
high-impact sport, potentially making the usage of this threshold unsuitable. In this cohort, only one
player had a Z-score of < -1. In total, seven participants fell below the set threshold, if applying a Z-

score of < 0, as proposed by Jonvik et al ¢

. As several of these participants also elicited other signs of
REDs, these findings could imply that a Z-score of < 0 is more appropriate for detecting low BMD in
football players. This is supported by the fact that thirteen of the participants in this cohort reported
a previous history of stress fractures. DXA does not distinguish between cortical and trabecular bone
mass, and bone morphology may also play a role in the development of stress fractures *’. Hence,
the application of bespoke Z-score thresholds for impact sports such as football warrants further
investigation. For markers of bone remodeling, the prevalence of compromised levels of PINP and
CTX-1, associated with bone remodeling and resorption was zero and 8%, respectively. Thus,
regardless of Z-score threshold applied, the bone markers confirm the low prevalence of
compromised BMD. This also prompts the question of whether BMD is sensitive enough as an
indicator of REDs, in sport with high amounts of mechanical loading.

Psychological factors

In total, 10% of the athletes were categorized with DE, measured by the EDE-Q-11. This is consistent
with recent findings by Abbot et al. ; however, it is comparatively lower than the results reported by
Sundgot-Borgen & Torstveit, using clinical interviews measuring eating disorders 4%, This
considered, along with the recent findings related to nutritional literacy and body image among
female football players, it is possible that clinical/qualitative interviews may contribute in fully
encapsulating the manifestation of DE in this population . Several studies have reported that female
football players exhibit insufficient energy and carbohydrate intake >4, Merely 58% of the
participants in the current study reported intentionally augmenting their El in response to rigorous
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training sessions and matches. These findings reinforce the idea that the actual occurrence of
individuals exhibiting problematic attitudes and behaviors towards food may exceed the figures
reported in this study. On the other hand, this lack of nutritional periodization may also be
unintentional, highlighting the need for nutritional education. The present study revealed a generally
low prevalence of psychological factors associated with the syndrome. However, consistent with the
REDs model we found a strong correlation between measures of DE, depressive symptoms, and sleep
disturbances. This finding highlights the importance of thoroughly assessing mental well-being when
screening for REDs among female football players.

Methodological considerations

Although several teams testing at different times of the season were included in the study, our data
only provides a “snapshot” of the physiological and psychological profile of the participants. The
prevalence of markers associated with REDs may change during a season, and this should be
acknowledged when interpreting our findings. However, most of the symptoms outlined by the REDs
model are hypothesized to result from prolonged or severe LEA 2, raising the probability of being
captured even in a cross-sectional design. On the other hand, because of our design, determination
of subjective markers may have been less accurate due to a memory recall bias. Future prevalence
studies should therefore be prospectively designed, using repeated measures to capture the
evolution of symptoms throughout the year.

Conclusion

The prevalence of indicators associated with REDs may be considered low to moderate. However, a
considerable proportion of participants presented with clustered primary and secondary indicators.
This shows that female football players may be susceptible for development of REDs. Hence, team
support staff should be aware of indicators and their varying degree of association to REDs to enable
individualized follow-up, when needed.

Implications

We propose that incorporating universal health promotion strategies, as opposed to selective
screening procedures, could be advantageous for female football players. Such strategies may
include efforts to ensure adequate supply of carbohydrate intake before, during and after matches or
hard training sessions, as female footballers typically consume inadequate amounts of
carbohydrates, also evident in this cohort 1314, Given that insufficient nutritional intake and
periodization can increase the risk of developing LEA, addressing these measures will likely reduce
exposure to risk factors associated with REDs.
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Tables

Table 1. Prevalence of indicators associated with REDs among participants.

Note: a = prevalence is based on non-contraceptive users; b = age specific reference ranges

Primary indicators

Prevalence % (n)

Amenorrhea?® 30 (8)
FT3< 4.0 pmol/L® 13 (8)
EDE-Q>2.5 10 (6)
BMD hip Z-score < -1 0

BMD lumbar Z-score < -1 2(1)
History of stress fracture 22 (13)
Secondary indicators

IGF-1<20.7 nmol/L® 10 (6)
Blood glucose < 4 mmol/L 7 (4)
LDL > 3 mmol/L 22 (13)
TSH < 0.40 mIU/L® 0
Time loss 10 (6)
Associated indicators

RMR < 30 kcal/kg* FFM/day* 42 (25)
Ferritin < 18 pg/L 3(2)
Leptin < 3.7 ng/mL 10 (6)
FT4< 9.5 pmol/L 2(1)
CTX-1>0.69 pg/L® 8(5)
PINP < 94 pg/L® 0
Cortisol > 600 nmol/L 25 (15)
Total cholesterol > 6.1 mmol/L® 0

13

120



Table 2. Overall and Position specific characteristics and mean values. P values represent the ANOVA analy

Note. * = <0.005, ** = < 0.001

Measure Overall (60) Defender (20) Midfielder (21) Attacker (13) Goalkeeper (6) P value
Height 168.9+£6.0 168+ 6 169+ 6 170+ 7 1733 0.371
Body mass 64.1+6.3 62.4+5.6 62.9+5.2 63.6+5.3 74.7£5.8 <0.001**
%Fat mass 24.7+4.2 23.4+3.2 25.2%35 23.8%+4.2 29.6+6.3 0.009*
FFM 49.3+4.7 48.7+4.9 47.9+3.8 49.2+5.0 56.5+2.0 <0.001**
RMR (kcal.kg/ FFM/day) 29.2+53 27.6+7.2 29.3+3.1 30.7+5.5 30.4+238 0.382
RMRRgatio 0.96+0.3 0.93+1.0 0.94+0.2 0.98+0.2 11+041 0.282
BMD hip Z-score 21+1.0 2.2+0.9 1.7+1.0 2.1+0.7 2911 0.035*
BMD lumbar Z-score 1.2+1.0 1.3+0.9 09+1.0 1.1+0.9 2.1+0.9 0.061
Blood glucose mmol/L 4.6 +0.5 4.8+0.7 46+0.5 45+0.4 4.4+0.3 0.251
TSH mlUu/L 19+1.1 1.9+0.9 1.8+1.1 1.8+1.2 20+1.3 0.983
FT3 pmol/L 49+0.7 49+0.5 49+0.5 51+1.1 4.8+0.6 0.873
FTa pmol/L 158+1.9 16.6+2.0 15.8+1.9 153+1.7 14.8+0.6 0.133
Ferritin pg/L 50.8 +30.5 50.1 +30.0 57.8+36.5 36.2+10.0 61.2+33.9 0.192
LDL mmol/L 25+0.6 24+04 24+0.6 2.7+0.7 23+0.6 0.448
Leptin ng/mL 7.8+5.5 7.4+3.6 83+6.2 6.2+2.6 10.7 +10.8 0.389
Total cholesterol mmol/L 43+0.6 42+0.8 43%0.5 45+0.8 40+0.7 0.285
Cortisol nmol/L 473.1+231.2 599 + 189 412 +227 408 + 190 418 + 140 0.034*
IGF-1 nmol/L 29.1+7.6 28.8+9.4 29.6+6.1 28.5+94 29.1+5.0 0.979
CTX-1 pg/L 0.75+0.3 0.74+0.4 0.76 £0.2 0.69+0.3 0.81+0.2 0.872
PINP pg/L 103.9+56.4 105.5+78.0 104.8 £ 35.7 94.8 +48.5 115.7 £ 24.0 0.897
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Gunn Pettersen

Prosjektseknad: Faktorer asssosiert med psykososialt funksjonsniva og idrettslig
prestasjon blant kvinnelige fotballspillere.

Seknadsnummer: 257965

Forskningsansvarlig institusjon: UiT Norges arktiske universitet

Prosjektsoknad vurderes som utenfor
helseforskningslovens virkeomrade.

Sekers beskrivelse

Energiunderskudd (EU) oppstar nar matinntaket ikke star i forhold til energiforbruket. EU
er en viktig grunn til helseskader og at idrettsutovere ikke far optimalt utbytte av trening,
slik at prestasjonene ikke star i forhold til treningsmengde. Dette er vist ved
utholdenhetsidretter, mens lagbaserte idretter som fotball er lite studert, og aller minst i
kvinnefotballen. En viktig grunn til svak kunnskapsbase er at i lagidretter er den fysiske
aktiviteten intermitterende (mye "av og pa") under bade kamp og trening. Mange har ogsa
hevdet at det pa generelt grunnlag er grunnlag for a si at prestasjonsorientert forskning
har veert lite prioritert.

I dette prosjektet er hensikten a kartlegge forekomsten av EU, samt vesentlige helse- og
idrettsrelaterte konsekvenser.

For a kunne kartlegge forekomsten av EU er det avgjorende a ha palitelige malemetoder.

Dette er formalet med delstudie 1 (problemstilling :"To evaluate the accuracy of methods
measuring exercise energy expenditure against the gold standard of indirect calorimetry”).
Her skal spillere gjennom en standardisert "testloype" som mest mulig lignerpa den
intermitterende fysiske aktivitet for foregar under kamper og trening, og vi ensker da finne
ut i hvilken grad GPS-basert mikroteknologiske metoder (som er mest formalstjenlige og
lite invasive) samsvarer med et objektivt mal pa energiforbruk (maling av oksygenopptak).

[ delstudie 2 (problemstilling: "To assess energy intake (EI), quantify energy expenditure
(EE) and investigate energy availability (EA) in professional football players") er
hensikten a undersoke paliteligheten av ulike selvrapportmal pa energiforbruk opp mot en
objektiv "gullstandard, " sakalt "dobbeltmerket vann", der deltagerne skal drikke en

isotop, der man gjennom en senere urinprove kan male energiforbruk objektivt. Deltagerne
skal ogsa males pa ben- og muskeltetthet samt enkel gynekologisk ultralydundersokelse.
Blod-og spytiprover skal tas for a analyser pa relevante hormonverdier. Dennestudien er
intensiv over 8 dager.

Palitelige malemetoder er ogsa logikken bak delstudie 3 (problemstilling: "Validate a

REK nord Telefon:77 64 61 40 | E-post:rek-nord@asp.uit.no
Besoksadresse: MH-2, 12. etasje, UiT Norges arktiske universitet, Tromso Web:https://rekportalen.no
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football adapted LEAF-Q to identify potential LEA among female football players").
LEAF-Q er et sporreskjema om indikasjoner pa energiunderskudd, men dette er validert
kun for utholdenhets- og estetiske idretter. Hensikten med delstudie 3 er a validere
LEAF-Q for lagbaserte idretter, og ha et empirisk kunnskapsgrunnlag for eventuelt a
foreta nodvendige justeringer i sporsmal eller sporsmalsformuleringer.

Det metodologiske kunnskapsgrunnlaget for delstudie 4 ligger i delstudie 1-3. I delstudie 4
er problemstillingen "Explore the prevalence and seasonal variations in low energy
availability and its biological and psychological covariates. Her folges fotballspillere opp
i fem malepunkter gjennom en hel sesong. Pa hvert malepunkt vil vi da kunne male
forekomsten av EU, og de mulige psykologiske korrelatene. Korrelatene er bade antatt
helsemessig ugunstige, men ogsa helsemessig gunstige. Prediktoranalyser er dermed egnet
til ikke bare a besvare sporsmalet om EU er forbundet med helserisiko, men like sa mye
om helsemessig gunstige faktorer svekker eller eliminerer betydningen av de ugunstige
faktorene.

Seknaden ble behandlet av Regional komité for medisinsk og helsefaglig forskningsetikk
(REK) i metet 27.05.2021. Vurderingen er gjort med hjemmel i helseforskningsloven § 10.

REKS vurdering

Komitémedlem Oddgeir Friborg er medarbeider i prosjektet og deltok derfor ikke ved
behandlingen av seknaden.

Om prosjektet
Prosjektet er et helsevitenskapelig Ph.d-prosjekt hvor man vil kartlegge forekomsten av
energiunderskudd og helse- og idrettsrelaterte konsekvenser av dette.

De prosjektene som skal framlegges for REK er prosjekt som dreier seg om «medisinsk og
helsefaglig forskning pa mennesker, humant biologisk materiale eller helseopplysninger»,
jf. helseforskningsloven § 2. «Medisinsk og helsefaglig forskning» er i § 4 a), definert som
«virksomhet som utfores med vitenskapelig metodikk for a skaffe til veie ny kunnskap om
helse og sykdomy. Det er altsa formalet med studien som avgjer om et prosjekt skal anses
som framleggelsespliktig for REK eller ikke.

Av prosjektbeskrivelsen fremgar det at man vil finne ut i hvilken grad GPS-basert
mikroteknologiske metoder samsvarer med et objektivt mal pa energiforbruk, man vil
underseke péliteligheten av ulike selvrapportmal pa energiforbruk opp mot en objektiv
"gullstandard", og man vil se i hvilken grad EU er forbundet med helserisiko.

Av seknaden fremgar det at det er spesifikke faktorer rettet mot matinntak og
energiforbruk med formal a oke prestasjonsniva blant kvinnelige fotballspillere som ligger
til grunn for studien.

Selv om prosjektet har helsemessige elementer og indirekte vil kunne gi helsemessige

gevinster faller ikke prosjektet inn under definisjonen av de prosjekt som skal vurderes
etter helseforskningsloven.
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Prosjekter som faller utenfor helseforskningslovens virkeomrade kan gjennomferes uten
godkjenning av REK. Det er institusjonens ansvar a serge for at prosjektet gjennomfores
pa en forsvarlig mate med hensyn til for eksempel regler om taushetsplikt og personvern

Vedtak
Etter soknaden fremstar prosjektet ikke som et medisinsk og helsefaglig forskningsprosjekt
som faller innenfor helseforskningsloven. Prosjektet er ikke framleggingspliktig, jf.

helseforskningsloven § 2.

Vi gjor oppmerksom pa at etter personopplysningsloven ma det foreligge et
behandlingsgrunnlag etter personvernforordningen. Dette ma forankres i egen institusjon.
Klageadgang

Du kan klage pa REKs vedtak, jf. forvaltningsloven § 28 flg. Klagen sendes pa eget
skjema via REK portalen. Klagefristen er tre uker fra du mottar av dette brevet. Dersom
REK opprettholder vedtaket, sender REK klagen videre til Den nasjonale forskningsetiske

komité for medisin og helsefag (NEM) for endelig vurdering, jf. forskningsetikkloven § 10
og helseforskningsloven § 10.

Med vennlig hilsen

May Britt Rossvoll
sekretariatsleder

Kopi til:

UiT Norges arktiske universitet
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Region: Saksbehandler: Telefon: Var dato: Var referanse:

REK vest Camilla Gjerstad 55978499 02.07.2021 29081

Lise Bjorkhaug Gundersen

Generell biobank: Generell forskningsbiobank: Idrett, Helse og Funksjon: Biomarkerer
Seknadsnummer: 2016/787
Forskningsansvarlig institusjon: Hogskulen pa Vestlandet

Generell biobank: Endring godkjennes med vilkar.

Sekers beskrivelse

Dette er en generell forskningsbiobank for lagring av biologisk materiale til fremtidig
forskning om idrett og helse. Formalet med forskningen vil veere a undersoke hvordan
ulike former for trening og kosthold kan pavirke molekyleere og cellebiologiske parametre
i humane kroppsveesker. Deltakerne er friske forsekspersoner over 16 ar.

REK vest viser til tilbakemelding mottatt 29.06.21, i forbindelse med ovennevnte generelle
forskningsbiobank. Tilbakemeldingen er behandlet av komiteleder for Regional komité for
medisinsk og helsefaglig forskningsetikk (REK vest) pa delegert fullmakt fra komiteen,
med hjemmel i forskningsetikkforskriften § 7, forste ledd, tredje punktum. Vurderingen er
gjort med hjemmel i helseforskningsloven § 11.

REKSs vurdering

Biobankendring (innsendt 25.03.21)

Sekers beskrivelse av og begrunnelse for endringen:

Det sokes om endring av generell biobank 2016/787 Idrett, Helse og funksjon:
Biomarkerer. Arsak til dette er at det skal innhentes nytt biologisk materiale (spytt, blod,
urin) i prosjektet «Female Football Center» i Bergen, som krever ny samtykkeerklering
(se vedlegg). Tidligere fremleggsvurdering er sendt til REK (referansenummer: 257984),
hvor det ikke foreligger nodvendig REK godkjenning (Meldt til NSD). Da tidligere soknad
for etablering av generell biobank omfatter «forskning pa hvordan ulike former for trening
og kosthold kan pavirke molekylcere og cellebiologiske parametere i humane
kroppsveesker», sa faller prosjektet «Female Football Center» sadan inn under dette, da
formalet for prosjektet er a undersoke hvordan ernceringsstatus pavirker biologiske
markorer i kroppsveesker (se vedlegg prosjekt og protokoll).

REK vest ba om tilbakemelding (brev 23.06.21)
REK vest utsatte saken og uttalte folgende:

REK vest

Beseksadresse: Armauer Hansens Hus, nordre floy, 2. etasje,

| E-post: rek-vest@uib.no

) Web: https://rekportalen.no
Haukelandsveien 28, Bergen
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Vi noterer at REK nord har vurdert studien 257965 der det biologiske materialet samles
inn og har konkludert med at studien ikke er omfattet av helseforskningsloven.

REK vest oppfatter det likevel slik at det biologiske materialet na vil bli lagres til fremtidig
forskning som vil kunne bringe ny kunnskap om sykdom og helse. Fremtidige
forskningsprosjekter som skal benytte materialet vil derfor veere omfattet av
helseforskningsloven. Det biologiske materialet ma derfor lagres i en godkjent generell
forskningsbiobank og deltakerne ma gi et informert samtykke som oppfyller
helseforskningsloven § 14. REK vest forutsetter at deltakerne mottar et eget
informasjonsskriv om den generelle forskningsbiobanken, og far informasjon om hvor de
vil kunne far tilgang til jevnlig informasjon om forskningen. Nar det biologiske materialet
1 fremtiden skal tas ut av biobank for a innga i nye forskningsstudier, ma dette forelegges
for REK via skjemaet "Prosjektseknad" i REK-portalen.

I tidligere innsendt skriv om biobanken har ansvarshavende oppgitt at " Vi har derved en
offentlig nettside www.hib.no/biobank, der vi legger ut informasjon om hvilke
Jforskningsprosjekter som har fatt utlevert materiale fra biobanken." Denne nettsiden virker
ikke. REK vest ber om tilbakemelding pa dette. Vi ber ogsa om at godkjent biobankskriv
med korrekt nettadresse sendes til REK vest.

Tilbakemelding fra seker

Vedrorende utsettelsesvedtak endringsmelding (Ref 29081) - Generell forskningsbiobank:
Idrett, Helse og Funksjon: Biomarkerer (soknadsnummer 2016/787). REK vest har bedt
om en tilbakemelding pa den offentlige nettsiden med tilgjengelig informasjon om
forskningsbiobanken vedrorende utlevering av materiale fra biobanken (forrige adresse
oppgitt i tidligere generelt biobankskriv virket ikke).

Dette har na blitt iverksatt der webredaktor ved HVL har fatt informasjon (27/6-21) om
hvor denne nye nettsiden skal plasseres pa HVL nettsidene
(https://www.hvl.no/forsking/gruppe/idrett-helse-og-funksjon/). Det vedlagte oppdaterte
informasjonsskrivet om generell biobank, med korrekt nettadresse, er herved lagt ved
endringsmeldingen. Etter muntlig samtale med REK 29/6-21 var det greit a sende inn igjen
pa naveerende tidspunkt, under forutsetning av at nettsiden ble oppdatert.

Vurdering

REK vest ved komitéleder har vurdert tilbakemeldingen og godkjenner lagring av det
innsamlete biologiske materialet i biobanken. Vi gjer oppmerksom pa at en generell
biobank kun har tillatelse til a lagre biologisk materiale og metadata om donor (f.eks. dato,
kjonn, alder o.1). @vrige opplysninger og analyseresultater fra det biologiske materialet er
ikke en del av selve biobanken og krever annen godkjenning. Slik godkjenning kan vere
godkjenning fra REK i konkrete helseforskningsprosjekter. Ta kontakt med REK for
veileding dersom det behov for mer informasjon.

Godkjenning av endringen gis pa vilkar av at nettsiden oppdateres jevnlig slik at deltakerne
kan motta informasjon om forskningen som foregar pa materialet. Vi forutsetter ogsa at det
sendes prosjektseknad til REK dersom materialet tas ut av biobanken og benyttes i
fremtidige helseforskningsprosjekter.

Vedtak

130



REK vest godkjenner biobankendringen pa betingelse av ovennevnte vilkar, med hjemmel
1 helseforskningsloven § 11.

Seknad om endring

Dersom man ensker a foreta vesentlige endringer i formal, metode, tidslep eller
organisering ma prosjektleder sende seknad om endring via portalen pa eget skjema til
REK, jf. helseforskningsloven § 11.

Klageadgang

Du kan klage pa REKs vedtak, jf. forvaltningsloven § 28 flg. Klagen sendes pa eget
skjema via REK portalen. Klagefristen er tre uker fra du mottar av dette brevet. Dersom
REK opprettholder vedtaket, sender REK klagen videre til Den nasjonale forskningsetiske
komité for medisin og helsefag (NEM) for endelig vurdering, jf. forskningsetikkloven § 10
og helseforskningsloven § 10.

Med vennlig hilsen
Nina Langeland
Professor dr.med.
komiteleder REK vest

Camilla Gjerstad
radgiver

Kopi til:

Hogskulen pa Vestlandet
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Vurdering

Referansenummer

807592

Prosjekttittel

Female Football players: determinants of health and performance
Behandlingsansvarlig institusjon

UiT Norges Arktiske Universitet / Det helsevitenskapelige fakultet / Institutt for helse- og omsorgsfag
Prosjektansvarlig (vitenskapelig ansatt/veileder eller stipendiat)
Jan H. Rosenvinge, jan.rosenvinge@uit.no, tif: 95280836

Type prosjekt

Forskerprosjekt

Prosjektperiode

01.01.2021 - 31.12.2024

Vurdering (1)

12.07.2021 - Vurdert

BAKGRUNN

Prosjektet er vurdert av Regionale komiteer for medisinsk og helsefaglig forskningsetikk (REK) i vedtak av
08.06.2021, deres referanse 257965 (se under Tillatelser). REK vurderer at studien framstar som forskning,
men ikke som medisinsk eller helsefaglig forskning. Prosjektet er folgelig ikke omfattet av
helseforskningslovens saklige virkeomrade, jf. helseforskningslovens §§ 2 og 4. Prosjektet trenger derfor
ikke godkjenning fra REK.

Det er ogsé sekt om tillatelse fra REK til a lagre biologisk materiale til fremtidig forskning pa idrett og helse.
Det biologiske materialet skal lagres uten identifiserende opplysninger (kun metadata som alder og kjonn).
Lagringen medferer en endring i tidligere godkjent generell biobank ved Haukeland Universitetssjukehus
tidligere godkjent med referanse 2016/787. REK har godkjent endringen med hjemmel i
helseforskningsloven § 11 (deres referanse: 29081)

Det er var vurdering at behandlingen vil vaere 1 samsvar med personvernlovgivningen, sa fremt den
gjennomfores i trad med det som er dokumentert i meldeskjemaet den 12.07.2021 med vedlegg, samt i
meldingsdialogen mellom innmelder og NSD. Behandlingen kan starte.

TYPE OPPLYSNINGER OG VARIGHET

Prosjektet vil behandle alminnelige personopplysninger og serlige kategorier av personopplysninger om
helseforhold frem til 31.12.2024.
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LOVLIG GRUNNLAG
Prosjektet vil innhente samtykke fra de registrerte til behandlingen av personopplysninger. Var vurdering er
at prosjektet legger opp til et samtykke i samsvar med kravene i art. 4 nr. 11 og 7, ved at det er en frivillig,

spesifikk, informert og utvetydig bekreftelse, som kan dokumenteres, og som den registrerte kan trekke
tilbake.

For alminnelige personopplysninger vil lovlig grunnlag for behandlingen vaere den registrertes samtykke, jf.
personvernforordningen art. 6 nr. 1 a.

For saerlige kategorier av personopplysninger vil lovlig grunnlag for behandlingen vaere den registrertes
uttrykkelige samtykke, jf. personvernforordningen art. 9 nr. 2 bokstav a, jf. personopplysningsloven § 10, jf.
§9(2).

PERSONVERNPRINSIPPER
NSD vurderer at den planlagte behandlingen av personopplysninger vil folge prinsippene i
personvernforordningen:

- om lovlighet, rettferdighet og apenhet (art. 5.1 a), ved at de registrerte far tilfredsstillende informasjon om
og samtykker til behandlingen

- formalsbegrensning (art. 5.1 b), ved at personopplysninger samles inn for spesifikke, uttrykkelig angitte og
berettigede formal, og ikke viderebehandles til nye uforenlige formal

- dataminimering (art. 5.1 c), ved at det kun behandles opplysninger som er adekvate, relevante og
nedvendige for formélet med prosjektet

- lagringsbegrensning (art. 5.1 ¢), ved at personopplysningene ikke lagres lengre enn nedvendig for a
oppfylle formalet.

DE REGISTRERTES RETTIGHETER
NSD vurderer at informasjonen om behandlingen som de registrerte vil motta oppfyller lovens krav til form
og innhold, jf. art. 12.1 og art. 13.

Sa lenge de registrerte kan identifiseres 1 datamaterialet vil de ha folgende rettigheter: innsyn (art. 15), retting
(art. 16), sletting (art. 17), begrensning (art. 18) og dataportabilitet (art. 20).

Vi minner om at hvis en registrert tar kontakt om sine rettigheter, har behandlingsansvarlig institusjon plikt
til @ svare innen en maned.

FOLG DIN INSTITUSJONS RETNINGSLINJER
NSD legger til grunn at behandlingen oppfyller kravene i personvernforordningen om riktighet (art. 5.1 d),
integritet og konfidensialitet (art. 5.1. f) og sikkerhet (art. 32).

Nettskjema UiO er databehandler i prosjektet. NSD legger til grunn at behandlingen oppfyller kravene til
bruk av databehandler, jf. art 28 og 29.

For a forsikre dere om at kravene oppfylles, ma prosjektansvarlig folge interne retningslinjer/radfere dere
med behandlingsansvarlig institusjon.

MELD VESENTLIGE ENDRINGER

Dersom det skjer vesentlige endringer i behandlingen av personopplysninger, kan det vere nedvendig a
melde dette til NSD ved a oppdatere meldeskjemaet. For du melder inn en endring, oppfordrer vi deg til &
lese om hvilken type endringer det er nedvendig a melde:
https://www.nsd.no/personverntjenester/fylle-ut-meldeskjema-for-personopplysninger/melde-endringer-i-
meldeskjema

Du ma vente pa svar fra NSD for endringen gjennomfores.

OPPFOLGING AV PROSJEKTET

NSD vil felge opp underveis (hvert annet ar) og ved planlagt avslutning for & avklare om behandlingen av
personopplysningene er avsluttet/pagér i trad med den behandlingen som er dokumentert.
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Kontaktperson hos NSD: Jergen Wincentsen

Lykke til med prosjektet!
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Appendix Il

Non validated questionnaire
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/‘/ Nettskjema

Sparreskjema

Har du de siste 6 manedene padratt deg fotballrelaterte skader?
Ja
Nei

Hvis ja, i hvilken grad har trenings- og kampmengde endret seg i denne perioden?

Kamp
Ingen endring
Noe endring
Stor endring
Trening
Ingen endring
Noe endring
Stor endring
Har du de siste 6 manedene hatt helseproblemer som har oppstatt utenfor
fotballen?
Ja
Nei

Hvis ja, i hvilken grad har trening- og kampmengde endret seg i denne perioden?

Kamp

Ingen endring

Noe endring

Stor endring
Trening

Ingen endring

Noe endring

Stor endring
Hvor fysisk sliten har du veaert etter kamp og trening de siste 4 ukene sammenlignet
med hva som er vanlig for deg
Kamp

Mindre enn vanlig

Som vanlig

Mer enn vanlig

Betydelig mer enn vanlig
Trening

Mindre enn vanlig

Som vanlig
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/‘/ Nettskjema

Mer enn vanlig
Betydelig mer enn vanlig

Hvor mentalt sliten har du vaert etter kamp og trening de siste 4 ukene
sammenlignet med vanlig?

Kamp

Mindre enn vanlig

Som vanlig

Mer enn vanlig

Betydelig mer enn vanlig
Trening

Mindre enn vanlig

Som vanlig

Mer enn vanlig

Betydelig mer enn vanlig

Har du tidligere hatt tretthetsbrudd
Nei
Ja
Usikker

Hvis ja, beskriv hvor og antall ganger

Har du for tiden en diett- eller matplan) (eksempelvis: lavkarbokost, vegandiett,
fasteperioder)

Ja
Nei

Hvis ja, beskriv hva
Inntar du for tiden med hensikt mer mat/energi/energidrikk i forbindelse med kamp
eller ekstra harde treningsokter?

Ja

Nei
Vet ikke

Inntar du med hensikt mindre mat/energi pa kampfrie dager og pa dager med lite
eller ingen trening)

Ja
Nei
Vet ikke

Generert: 2023-07-14 09:45:30.
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