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ABSTRACT

Background: The highly complex syndromes of the Female Athlete Triad (Triad) and Relative Energy
Deficiency in Sport (RED-S) are underpinned by low energy availability (LEA). LEA has been defined
as the imbalance between dietary energy intake (EI) and exercise energy expenditure (EEE), leading to
inadequate energy available to optimally support physiological function and health. Chronic LEA, with
or without disordered eating (DE) or eating disorder (ED), has been associated with direct and indirect
links to the development of menstrual disturbances and impaired bone health. It has also been proposed
that chronic LEA may result in impairments to several other health (i.e., cardiovascular, endocrine) and
performance (i.e., muscle strength, cognitive function), factors, however limited evidence exists to
support these findings. Endurance sports athletes have been reported to be at an increased risk of
developing LEA and the subsequent health and performance impairments due to high daily EEE. High
daily EEE may arise from high training volumes and/or an increased risk of DE/ED, and/or an increased
risk of exercise dependence (EXD). Although it has been accepted endurance athletes may be at an
increased risk of developing LEA, to date limited data exists in female athletes particularly from multi-
sport endurance athletes.

Aim: The main purpose of this thesis was to investigate the prevalence of risk of LEA and associated
risk factors (i.e., DE, ED, and EXD) in female triathletes.

Methods: To assess the prevalence of risk in Studies 1-3, a cross-sectional design using an anonymised
online questionnaire was used. The questionnaire was constructed on established, validated, and reliable
screening tools which included the LEAF-Q, FAST, and EDS-R. In Studies 1-3, participants were
recruited using voluntary response sampling. Study 1 included 393 female triathletes (age: 36 (13)
years; height: 1.66 (0.09) m; body mass: 64.0 (12.0) kg; BMI: 23.0 (4.3) kg-m?).

Study 2 included a total sample size of 393 female triathletes which were divided into three age groups:
18-29 years (n=101; height: 1.67 (0.08) m; body mass: 63.0 (9.5) kg; BMI: 22.6 (3.3) kg-m?), 30-39
years (n=159; height: 1.65 (0.08) m; body mass: 65.0 (12.0) kg; BMI: 23.3 (5.0) kg-m?), and 40-49
years (n=133; height: 1.67 (0.09) m; body mass: 23.2 (4.3) kg; BMI: 23.2 (4.3) kg-m?).

Study 3 included a total sample size of 383 female triathletes which were divided into two performance
level groups: self-identified recreational age-groupers (n=293; age: 37 (12) years; height: 1.65 (0.08)
m; body mass: 65.0 (12.0) kg; BMI: 23.5 (4.4) kg-m?, training time: 10.7 (5.5) h-week), and self-
identified top-percentile age-groupers (n=90; age: 32 (13) years; height: 1.67 (0.09) m; body mass: 62.0
(11.0) kg; BMI: 21.6 (2.8) kg-m?, training time: 13.0 (7.0) h-week).



Study 4 was a longitudinal design with 10 female triathletes (age: 27.7 + 8.6 years; height: 1.67 £ 0.04
m; body mass: 62.2 + 3.2 kg; BMI: 22.6 + 1.3 kg-m?) were recruited using convenience sampling at
local triathlon clubs. EA and eating attitudes were assessed every two-months throughout the season to
assess changes. EA was assessed using both direct measures (i.e., lean body mass (LBM), El, and EEE)
and self-report screening tools (LEAF-Q). Eating attitudes was assessed using a self-report screening
tool (FAST).

Results: In Study 1, it was shown that 42% of female triathletes, aged 18-54 years, were classified as
at risk of LEA by the LEAF-Q. The FAST identified 25% with DE and 9% with ED symptoms, and
9% were at risk of EXD by the EDS-R. Eating attitudes and exercise behaviour were significant
predictors of LEA and exercise behaviour was a significant predictor of eating attitudes. Participants
with no ED had 3.375 times higher odds of being low risk of low EA than those with DE/ED. Similarly,
participants not at risk of EXD had 2.489 times higher odds of being low risk of low EA than those at
risk of EXD. Participants considered not at risk of EXD had 3.110 times higher odds of not having
DE/ED than those at risk EXD.

In Study 2, it was shown that the prevalence of those considered at risk of LEA was significantly higher
in younger participants aged 18-29 years compared to older participants aged 40-49 years (p = .010, €2
=.023). 49% of participants aged 18-29 years were considered at risk of LEA compared to 40% of those
aged 30-39 years and 39% of those aged 40-49 years. No significant differences were observed between
age groups for eating attitudes (p = .070). It was shown that prevalence of those considered at risk of
DE and ED was 28% and 12%, respectively in those aged 18-29 years. In comparison, 24% and 10%
of those aged 30-39 years were at risk of DE and ED, and 24% and 5% of those aged 40-49 years. It
was shown that the prevalence of those considered at risk of EXD was significantly higher in younger
participants aged 18-29 years compared to older participants aged 40-49 years (p = <.001, €2 = .048).
16% of participants aged 18-29 years were considered at risk of EXD in comparison to 6% of those
aged 30-39 years and 40-49 years. Finally, younger participants were more likely to be categorised with
maladaptive patterns of exercise than older participants (p = .001). Participants aged 18-29 years had
2.8 times higher odds of being symptomatic and 5.8 times higher odds of being at risk of EXD than
their older counterparts.

In Study 3, no significant differences were observed between performance levels for LEA risk (p =
.083) or DE/ED risk (p =.990). 47% of participants who identified as a top-percentile age-grouper were
considered at risk of LEA compared to 39% of those who identified as a recreational age-grouper. It
was shown that prevalence of those considered at risk of DE and ED was 30% and 9%, respectively in
top-percentile age-groupers. In comparison, 24% and 9% of recreational age-groupers were at risk of
DE and ED. Significant differences were observed between performance levels (p = .023) for EXD,

with recreational age-groupers less likely to display maladaptive patterns of exercise than top-percentile



age-groupers (p = .017). Participants who were recreational age-gropers were 0.454 times less likely to
be classified as symptomatic than top-percentile age-groupers and 0.489 times less likely to be classified
as at-risk of EXD. Finally, 10% of top-percentile age-groupers were considered at risk of EXD
compared to 8% of recreational age-groupers.

In Study 4, a single cohort of female triathletes were examined for changes in EA and eating attitudes
across a full triathlon season. Overall prevalence rates (37%) of LEA were comparative to earlier
findings in Study 1 (42%) and Study 6 (39%). No significant changes were observed across the season
in measured EA (p = .591) or eating attitudes (p = .524). Statistically significant differences in LEA
risk identified by the LEAF-Q were detected across the season (p =.011, n%,= 0.274). However, it was
observed that for some, but not all, certain phases of the season may contribute to overall LEA risk.

Conclusion: Female triathletes are an athletic population at increased risk of developing LEA that may
be underpinned by DE behaviour and/or EXD. Although younger athletes are considered at greater risk
than their older counterparts, the risk still exists in significant proportions in older female triathletes.
Similar findings existed between performance levels with a tendency for higher prevalence’s as
performance level improved. Despite no significant differences being observed in EA and eating
attitudes across the season, the prevalence of subclinical LEA was high for the duration of the triathlon
season. It demonstrated that risk factors for the development of LEA are individual to the athlete. Such
findings have advanced our understanding and will facilitate identification and early detection and

target educational resources to at-risk groups.
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“Some nights, the wolf inside of me shrinks to nothing, she bares her teeth and runs away.
The dragon in my chest rejects me, she is so tired of being slain. There are nights when the

lioness cowers, says she can’t fight it another day...”

“What about the phoenix?”

“She sits with me in the darkness. She whispers we will rise. Just you wait.”

- SRWpoetry
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CHAPTER 1

GENERAL INTRODUCTION



The Olympic Movement Medical Code (2019) and the International Olympic
Committee (I0C, Olympic Charter, 2019) have emphasised the importance of protecting the
health of the athlete. When viewed as an integrated performance system, athlete health is
multifaceted and forms part of an overarching system that impacts the function of other inter-
related sub-systems, influencing outcomes of success and failure (Mooney, Charlton,
Soltanzadeh & Drew, 2017). Across various sports, consensus exists regarding the importance
of maintaining adequate energy and nutrient intake, as the foundation of optimal athletic health
and performance (Otis, Drinkwater & Johnson, 1997; Nattiv, Loucks & Manore, et al., 2007;
De Souza, Nattiv, Joy & Misra, et al., 2014; Mountjoy, Sundgot-Borgen, Burke & Carter, et

al., 2014; 2018).

Currently findings from studies using single-sport endurance athletes (e.g., distance
runners) are often generalised and applied to multi-sport endurance athletes (e.g., triathletes).
This is despite the demands of training and competition being significantly different
(Etxebarria, Mujika & Pyne, 2019). As a result, studies examining prevalence rates and the
negative consequences of LEA in female athletes from multi-sport endurance events are
limited. Additionally, findings from previous studies often have variable sample sizes (range
10 to 833; Schaal, et al., 2011a; Logue, et al., 2019). Based on a population size of the 10,000
registered female triathletes with British Triathlon (British Triathlon, 2021a), a sample size
estimation of 370 was calculated with a confidence level of 95% and a 5% margin of error
(Qualtrics, London, UK). However, calculations of sample size and power analyses should be
interpreted with caution as they are estimates and variables may be manipulated (i.e., larger
effect size; Prajapati, Dunne & Armstrong, 2010; Meyvis & Van Osselaer, 2018). Since
leanness-sports are thought to be a major risk factor for the development of LEA, the
implications are clear that female participation in triathlon may be associated with an increase

in the prevalence of risk and/or incidence of LEA (Mountjoy, et al., 2014; 2018). LEA is the



aetiological factor underpinning the highly complex syndromes of Triad and RED-S. These
syndromes are considered to be one of the most serious medical conditions in the female athlete
(Nattiv, et al., 2007; De Souza, et al., 2014; Mountjoy, et al., 2014; 2018). LEA refers to the
mismatch between EI and EEE, resulting in inadequate energy to support physiological
function and maintain optimal health and performance (Nattiv, et al., 2007). Endurance sport
athletes have been reported to be at increased risk of DE or ED (Nattiv, et al., 2007; Bratland-
Sanda, et al., 2013; Sundgot-Borgen, et al., 2013; Joy, et al., 2016; Mountjoy, et al., 2018).
They also may present with increased daily EEE from high training volumes. As a result, there
may be an increased risk of developing LEA and associated health and performance

consequences (Loucks, Kiens & Wright, 2011).

Short and long-term LEA plays both a direct and indirect role in the development of
menstrual disturbances and impaired bone health, even without the presence of DE/ED (De
Souza, et al., 2014; Mountjoy, et al., 2014; 2018). The inter-related clinical conditions (i.e.,
osteoporosis and functional hypothalamic amenorrhea (FHA)) may have irreversible
consequences (De Souza, et al., 2014; Mountjoy, et al., 2014; 2018). Current evidence suggests
LEA exists across all ages (Mountjoy, et al., 2018) and there may be critical phases (i.e., growth
and development during adolescence/young adulthood or the menopause in adulthood) where
the development of LEA may increase the severity of associated impairments (Thein-
Nissenbaum, 2013; De Souza, et al., 2014). However, limited information exists regarding the
prevalence of LEA risk or influence of age across different age groups, as LEA research has

predominantly focused on adolescent, University students or young adults from various sports.

Similarly, LEA is not exclusive to elite athletic populations with current evidence
suggesting non-elite athletic populations are at increased risk (Torstveit, et al., 2005; Slater, et
al., 2016; De Souza, et al., 2014; Mountjoy, et al., 2014; 2018). However, the influence of
performance level on the prevalence of LEA is not fully established as LEA research has

3



predominantly focused on Western elite athletic populations De Souza, et al., 2014; Mountjoy,
et al., 2018; Logue, et al., 2018; 2020). It has been proposed that as performance level
improves, training load increases thus increasing EEE which increases the risk of LEA
development (Nattiv, et al., 2007; Mountjoy, et al., 2014; Wasserfurth, Palmowski, Hahn &
Kriiger, 2020). This is an area of concern if there is an increased risk in non-elite athletic
populations as they may have limited access to nutritional, training, and sport-specific medical
advice and support (Slater, et al., 2016; Black, et al., 2018; Logue, et al., 2019; Wasserfurth, et
al., 2020). This has placed critical emphasis on prevention and early diagnosis of at-risk groups
and individuals, to avoid the more serious clinical endpoints associated with the Triad or RED-

S models (Nattiv, et al., 2007; De Souza, et al., 2014; Mountjoy, et al., 2014; 2018).

To date there is no standardised or reference protocol for EA assessment. This has led
to continuing variability in methods utilised and issues regarding the reliability and validity of
such metrics (Mountjoy, et al., 2014; Burke, Lundy, Fahrenholtz & Melin, 2018). Measurement
of EA components have included: EI assessment by retrospective or prospective methods, EEE
assessment by activity logs or by quantitative data from heart rate (HR) or accelerometers, lean
body mass (LBM) can be quantified by methods of bio-electrical impedance, surface
anthropometry, or dual X-ray absorptiometry (DXA), and assessment of resting metabolic rate
(RMR) via indirect calorimetry or prediction equations (Mountjoy, et al., 2014; Logue,

Madigan, Melin & Delahunt, et al., (2020).

Recently, increased emphasis has been placed on the importance of early detection of
at-risk groups through the use of self-report screening tools (i.e., questionnaires), followed by
an individual clinical assessment (Mountjoy, et al., 2014; 2018). Screening tools provide an
estimation of the prevalence of athletes at risk of LEA using self-report questionnaires that
screen for the physiological symptoms associated with the Triad or RED-S models (De Souza,
et al., 2014; Mountjoy, et al., 2014; 2018). Examples include the LEA in Females
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Questionnaire (LEAF-Q; Melin, Tornberg, Skouby & Faber, et al., 2014), the diagnostic
criteria of the Triad (Joy, De Souza, Nattiv & Misra, et al., 2014), and the RED-S clinical
assessment tool (RED-S CAT; Mountjoy, Sundgot-Borgen, Burke & Carter, et al., 2015a).
Alongside the recommendation for screening physiological symptoms of LEA, it is
recommended they are supplemented with screening for DE behaviour and clinical ED (De
Souza, et al., 2014; Mountjoy, et al., 2014; 2018) and more recently exercise dependence
(EXD; Torstveit, Fahrenholtz, Lichtenstein & Stenqvist, et al., 2019; Logue, et al., 2020). There
is no consensus on which screening tools have the best efficacy (Mountjoy, et al., 2018).
However, their implementation has furthered our understanding of the prevalence of LEA in
various sports, highlighted potential risk factors and the role of LEA on long-term health and

performance in female athletes.

A body of observational and cross-sectional literature using direct EA assessments or
screening tools has identified female athletes from leanness sports at greater risk of LEA, with
or without DE behaviour or clinical ED (Folscher, Grant, Fletcher & van Rensberg, 2015;
Melin, Tornberg, Skouby & Magller, et al., 2016; Heikura, Uusitalo, Stellingwerff & Bergland,
et al., 2018a). Current prevalence rates of risk have ranged from 18% to 80% across a variety
of leanness sports (Muia, Wright, Onywera & Kuria, 2016; Jesus, Castela, Silva & Branco, et
al., 2021). Narrative reviews and current consensus statements have supported the higher
prevalence rates are increased risk of LEA, within-day energy deficiency, and associated health
and performance impairments, in female athletes across a variety of sports and performance
levels (De Souza, et al., 2014; Mountjoy, et al., 2014; 2018; Logue, Madigan, Delahunt &
Heinen, et al., 2018; Logue, et al., 2020). While this has provided encouraging insights into the
prevalence and effects of LEA, data from individual studies is not consistent. Limited studies
have examined the prevalence and associations between LEA, DE behaviour and clinical ED,

and/or EXD risk, in female multi-sport endurance athletes, despite regular exposure to high



training volumes (Hoch, Stavrakos & Schimke, 2007; Mongrain, Masson, Bégin & Lamarche,
2018). Additionally, there are few reports examining differences between age groups,
performance levels, and changes in risk across a competitive season in multi-sport endurance

athletes (Logue, et al., 2018; 2020).

Taken together, the true extent of the prevalence of and associations between LEA, DE
behaviour or clinical ED, and EXD risk in female multi-sport endurance athletes is not entirely
clear. Neither is it fully understood if differences exist in the level of risk across age groups,
performance levels, or throughout the competitive season. Thus, further research has been
recommended to further understand the scope of the problem across all athletic populations
and help focus support to at-risk groups. Identification of at-risk groups will also help raise
awareness and target educational resources to coaches and parents involved, who may be
instrumental in the early detection of LEA (Nattiv, et al., 2007; De Souza, et al., 2014;
Mountjoy, et al., 2014; 2018). Accordingly, this thesis aimed to further elucidate the prevalence
of LEA, DE/ED, and EXD risk in female triathletes. Plus, explore the influence of age,
performance level, and follow longitudinal changes through key phases of the competitive

season.



CHAPTER 2

REVIEW OF LITERATURE



2.1 Chapter Overview

The following chapter will review the available literature surrounding topics relevant
to this thesis and is divided into three main sections. The first section (2.2) provides an
overview of the focus sport of this thesis, triathlon, and included the history and demands of
the sport. Section 2.3 will then present and discuss literature related to LEA in athletes,
including current conceptual models, assessment methods, alterations to health and
performance, estimated prevalence and highlight areas that require further research. The final
section (2.4) will discuss the DE behaviour and EXD literature in relation to their role as risk

factors for the development of LEA.

2.2 Triathlon Overview

2.2.1 History

Triathlon has been described as a multidimensional endurance sport with three
successive disciplines (swim, cycle, and run) and two transitions (swim-to-cycle and cycle-to-
run; Bentley, Millet, Vleck & MacNaughton, 2002; Millet, Vleck & Bentley, 2011). The
introduction of modern triathlon as an alternate workout to traditional track training was first
founded in the early 1970s by the San Diego Track Club. It was initially characterised by a 10
km run, 8 km cycle, and 500 m swim known as the Mission Bay Triathlon (Hunt, 2019; Markus
& Arimany, 2019). In 1978, the challenge to determine ‘who was the toughest athlete’ led to
the formation of the “Ironman” Triathlon where three of Hawaii’s endurance events were
combined: the Waikiki Rough Water Swim (2.4 miles), the Around-Oahu Bike race (112
miles), and the Honolulu Marathon (26.2 miles). In 1980, the global public learned about the
Ironman World Championships as ABC’s “Wide World of Sports” were permitted to film the
106 men and 2 women compete. It gained worldwide recognition in 1982 when collegiate
athlete, Julie Moss, was shown collapsing and crawling to the finish line succumbing to a

second-place finish by 29 seconds (Markus & Arimany, 2019).
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Over the next decade, the exponential rise in participation and formation of National
Governing Bodies led to the worldwide recognition of triathlon as a sport. In 1989, twenty-five
nations came together to form the International Triathlon Union (ITU) and created the first
official triathlon World Championships with the goal of gaining Olympic medal status for the
sport. Triathlon was awarded Olympic status in 1994 and debuted at the Sydney 2000 Olympic
Games (Hunt, 2019; Markus & Arimany, 2019). Today the sport continues to grow and in 2019
there was an estimated 150,000 committed active racing triathletes in the UK (British Triathlon,
2021a) and an estimated 400,000 USA Triathlon members (USA Triathlon, 2019). Both British
Triathlon and USA Triathlon share a common goal to attract and retain more female
participants with female triathletes currently representing 32% of memberships (British
Triathlon, 2021b; USA Triathlon, 2019). These figures represent only those athletes who
become members of British Triathlon or USA Triathlon, which is not a requirement to
participate in a triathlon event. Various triathlon distances have been developed since the 1980s
(Table 2.1) with the “Ironman” triathlon being the most recognisable distance, but the most

popular being the international “standard” distance (Markus & Arimany, 2019).

Table 2.1. Triathlon distances

Sprint Standard Half Ironman Full Ironman
Swim 750 m 1.5 km 1.9 km 3.9km
Cycle 20 km 40 km 90 km 180.2 km
Run 5km 10 km 21.1 km 42.4 km




2.2.1 Overview of demands

Elite participants and the millions of non-elite participants — known as Age-Groupers
in triathlon — all compete within the same events following the same rules (Vleck, Millet &
Alves, 2014). Defining an athlete often relies on imprecise and vague qualitative descriptors
that fail to classify the type of sport performed (Solberg, Borisson, Sharma & Papadakis, et al.,
2016; McKinney, Velghe, Fee & Isserow, et al., 2019). Traditionally, elite athletes are defined
as those who exercise >10 hours-week and have achieved the highest level of competition (i.e.,
professional athletes or Olympians). Competitive athletes exercise >6 hours-week with a goal
of improving performance and participating in official competitions. Recreational athletes
exercise >4 hours-week for pleasure, fitness or to partake in unregulated competitions that
typically do not require systematic training. Finally, an exerciser participates in >2.5
hours-week of physical activity to maintain health and fitness (Solberg, et al., 2016; McKinney,

etal., 2019).

Regardless of athletic definition, triathlon has been classified as 111C (high static, high
dynamic) with a significant risk of bodily collision and an increased risk of a sudden syncopal
event by the Mitchell Classification of sport shown in Figure 2.1 (Mitchell, Haskell, Snell &
Van Camp, 2005). This is an established method for categorising sports related to the level of
intensity (low, medium, high) of static and dynamic demand required to perform that sport.
Sports are classified as IA (low static, low dynamic), 1B (moderate static, moderate dynamic),
or IIC (high static, high dynamic). The classification also acknowledges the risk of bodily
collision and syncope for each sport. Although the Mitchell Classification includes quantitative
descriptors for each classification, it does not consider other contributors that athletes
experience during competition (i.e., emotional stress, environmental factors) or account for the

often-higher demands associated with training regimens (Mitchell, et al., 2005).
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Triathlon poses a unique challenge to all triathletes. A common performance goal,
irrespective of event distance, gender, or competitive level, is time minimisation in each
individual sporting discipline and overall finish time to meet event cut-off times (Fréhlich,
Balter, Pieter & Schwarz, et al., 2014). A variety of event formats exist (Table 2.1), ranging
from the sprint with an average completion of sub-1 h, to the standard distance completed in
sub-2 h, and the full Ironman distance taking 8-9 h, at the elite level (Millet, et al., 2011;
Etxebarria, et al., 2019). Whilst each event format has its distinct demands for periodisation of
training, endurance sports are typically characterised by high training volumes with various
combinations of intensity. Triathlon also requires a large number of high-quality training
sessions each week for three different disciplines (Millet, et al., 2011; Vescovi & VanHeest,
2016; Etxebarria, et al., 2019). Large volumes of sustained training, in addition to, the myriad
of environmental, technical, nutritional, psychological, and social demands of triathlon could
increase the risk of athletes developing LEA (intentional or inadvertent) and associated

negative health consequences (Millet, et al., 2011; Vescovi & VanHeest, 2016).

Bobsledding/Luge*t, Field
events (throwing),
Gymnastics"t, Martial arts®,
Sailing, Sport climbing,
Water skiing*t, Weight
lifting"t, Windsurfing*t

Iil. High
(>50% MVC)

§ o O |Archery, Auto racng't, American footbal”, Field
5 E ; Diving*t, Equestrian*t, events (jumping), Figure
<N Motorcycling™t skaling*®, Rodeoing*t,
EZ2 Rugby*, Running (sprint),
38 Surfing*t, Synchronized
o =8 b i
(‘0-9 % Baseball/Softball*, Fencing, | Badminton, Cross-country
g Table tennis, Volieyball skiing (classic technique),
2zs Field hockey®, Orienteering,
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Figure 2.1. Mitchell Classification of Sport from Mitchell, et al., (2005, p. 1366). The

lowest cardiovascular demands are shown in green and the highest in red. Blue, yellow, and

orange shown low moderate, moderate, and high moderate total cardiovascular demands. Max
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0>, estimated maximal oxygen uptake; MVC, maximal voluntary contraction; * Danger of

bodily collision; T Increased risk of syncope occurs.

2.3 Low energy availability in athletes

2.3.1 Energy balance & energy availability concepts

The aims of energy availability (EA) and energy balance (EB) are fundamentally
different despite the similarities in both concepts relating energy intake to energy expenditure.
Currently, EB is defined as dietary energy intake minus total energy expenditure (EB = EI —
TEE; Westerterp & Saris, 1991; Westerterp, 2013). In the concept of EB (see figure 2.2), TEE
is composed of three main components: basal metabolic rate (BMR), thermic effect of food
(TEF), and activity thermogenesis (Levine, 2004). BMR represents 60-80% of energy
expended during the post-absorptive state when an individual is at complete rest and resting
energy expenditure (RMR) is considered to be within 10% of the BMR. TEF (also known as
dietary induced thermogenesis (DIT)) refers to ~10% of energy expended during digestion,
absorption, and conversion of food with both facultative and fixed components. Activity
thermogenesis refers to ~15-30% of energy expended from exercise (EEE) and non-exercise
activity thermogenesis (NEAT) such as, daily living, spontaneous muscle contraction or
maintaining posture (Ravussin & Bogardus, 1989; Levine, 2004; Westerterp, 2013). EB is
often referred to in the context of body mass and/or body composition changes related to diet
and/or exercise interventions. When an imbalance occurs, weight gain results from a positive
EB where the difference between EI and TEE is positive, and weight loss occurs from a

negative EB (Areta, Taylor & Koehler, 2021).

Adaptive thermogenesis (or metabolic adaptation), although not unequivocally defined,
relates to metabolic efficiency through alterations in TEE to conserve or dissipate energy

(Muller & Bosy-Westphal, 2013). Comparable to most physiological systems, EB will return
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to a state of equilibrium but this may not equate to a healthy metabolic balance been achieved.
For instance, in the case of a negative EB weight loss may initially be evident before the initial
energy deficit is decreased due to reductions in TEE (Hall & Kahan, 2018). This is often
referred to as an energy saving mechanism where TEE is reduced as a result of decreased
energy available to maintain the function of physiological systems. This has been quantified as
a ~10-20% reduction in RMR plus a reduction in activity thermogenesis (Rion & Kawecki,
2007; Miiller & Bosy-Westphal, 2013; Kosmiski, Schmiege, Mascolo & Gaudiani, et al., 2014;
Koehler, Williams, Mallinson & Southmayard, et al., 2016). Consequently, these metabolic
adaptations result in EB reaching a state of equilibrium, and therefore weight stability, at a
lower threshold. This apparent state of homeostasis does not account for the downregulation
of physiological systems (i.e., reproduction, growth, thermoregulation, immunity, and cellular
maintenance) due to a lack of available energy for optimal functioning (Areta, et al., 2021). For
that reason, it has emerged that EB may not be a useful measure within the athletic population.
For measures solely of total or resting energy expenditure are considered unreliable in
determining the energy available for the optimal functioning of physiological systems and will

underestimate an athlete’s energy requirements (Loucks, 2004; Loucks, et al., 2011).

In contrast to EB, the concept of EA only relates El to EEE (figure 2.2). The most recent
algebraic definition of EA defines it as dietary EI minus EEE, relative to each kilogram of
LBM (EA = EI — EEE/ kg LBM). EA thereby represents the amount of residual energy
available to sustain physiological systems after removing the energy cost of exercise training
(Loucks, 2004; Loucks, et al., 2011; Loucks, 2020). In the context of adaptive thermogenesis,
EA is viewed as an input into those physiological systems opposed to EB which is an output
(Loucks, et al., 2011). The concept of EA provides a single numerical value that is not affected
by adaptive thermogenesis as the focus relates El solely to EEE which is independent of all the

other components of TEE. The implication is that a threshold of energy availability is required
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to support the optimal functioning of physiological systems. This concept allows the
quantification of available energy independent of adaptive thermogenesis and body mass
and/or body composition changes (Areta, et al., 2021). Importantly, the simplicity and
minimalism of the current definition of EA is a limiting factor which in turn represents the
main strength of the EB concept. In its simplification, the current concept of EA fails to account
for energy expended from NEAT which may limit comparison of EA between studies or in the
use of EA thresholds that may trigger physiological dysregulations. However, it is
acknowledged that NEAT is highly variable between individuals, may be influenced by
changes in EB and EA, is difficult to assess in free-living participants, and the relationship
between EA and NEAT has yet to be established (Levine, 2004; Miller & Bosy-Westphal,

2013; Villablanca, Alegria, Mookadam & Holmes, et al., 2015).

Daily Energy Balance Daily Energy Availability
Represents energy balance from a biological Represents the energy available to a biological
system while maintaining physiclogical function. system for maintaining physiological function.

=  Energy
ZERO - ) Daily 'Available’
(output from Minus ey (input to
physiological Intake physiological
processes) processes)

Figure 2.2. lllustration of the energy balance and energy availability concepts from Areta,
etal., (2021, p. 10). RMR, resting metabolic rate; DIT, dietary induced thermogenesis; NEAT,
non-exercise activity thermogenesis; EEE, exercise energy expenditure; EA, energy

availability.
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2.3.1.1 Evolution of the energy availability concept

To date, the evolution of the algebraic definition of EA in studies using humans has not
been clear which may have contributed to a variety of definitions and calculations of EA being
used. This has made comparisons of EA values across studies and its application to practice
challenging. Although EA was not used as a quantifiable factor with algebraic formula, the
original concept of EA was derived from mammalian experimental studies. These early studies
assessed the role of nutrient availability and the energetic costs and gains associated with
thermoregulatory and foraging efforts on reproductive success (Bronson, 1985; 1989).
Schneider and Wade (1989; 1990) went on to determine changes in reproductive function in
hamsters were related to changes in the general availability of metabolic fuels rather than

changes in any specific fuel (i.e., fat or carbohydrates).

The concept of EA was first introduced in human trials by Loucks and Callister (1993)
who examined the influence of exercise and EA treatments on thyroid metabolism in regularly
menstruating sedentary women. This was the first study to use EA as a quantifiable parameter
and the first algebraic definition of EA was introduced as dietary EI minus total EEE relative
to body mass (EA = (EI — TEEE) / BM). Subsequently, Loucks and Heath (1994) aimed to
characterise the functional relationship between thyroid metabolism and EA where the
algebraic definition was refined to relate EA to LBM (EA = (El — TEEE) / LBM). These
previous algebraic definitions of EA used total EEE which includes energy expenditure from
RMR and non-exercise waking activity. Loucks and Verdun (1998) recognised these
components of energy expenditure should be subtracted from total EEE, thereby, the most

current definition accounts only for net value of EEE (EA = (EI — EEE) /LBM).
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2.3.1.2 Assessment of energy availability in free-living athletes

As LEA underpins both the Triad and RED-S models, it has been suggested that its
presence and causes should be the focus of early detection and/or diagnosis (Nattiv, et al., 2007;
De Souza, et al., 2014; Mountjoy, et al., 2014; 2018). Unfortunately, the direct measurement
of EA in free-living athletes is not currently a practical or reliable option as several barriers
exist. Most noteworthy is the lack of standardised or reference guidelines for undertaking an
EA assessment in the field (Mountjoy, et al., 2014; 2018; Burke, et al., 2018). This relates to
the period of assessment and methodologies used to assess the three core components of the
most recent EA equation (EA = (EI/EEE) / LBM; Loucks & Verdun, 1998). Additionally, each
of the three metrics have concerns related to their reliability, validity, and definitions of what
should be assessed (Mountjoy, et al., 2014, 2018; Burke, et al., 2018). Table 2.2 summarises
various assessment protocols used in studies estimating EA in various female athletic and
exercising populations. A narrative review was conducted for the articles included in table 2.2
using targeted internet searches (i.e., Google Scholar and PubMed). Combinations of the
following key search terms were included: recreational exerciser, athlete, endurance athlete,
triathlon, triathlete, multi-sport endurance events, elite athlete, non-elite athlete, EA, LEA,
Triad, RED-S, LEAF-Q, El, and EB. Articles were considered if written in English, in full-
text, and were conducted among free-living trained or exercising human subjects. Only studies
that quantified the direct assessment of EA using quantified measures of EA (i.e., El, EEE, and
LBM) or screened for prevalence using the LEAF-Q within the text of the manuscript were
included. No time limit on retrieval of articles was set and reference lists of articles retrieved

were also reviewed. Animal studies were not included.

In comparison to other EA inputs, LBM measurement errors offer a comparatively
small difference to estimates of EA. The main barrier for athletes and/or coaches gaining a
reliable and accurate measurement of body composition is the cost and accessibility of the
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equipment required (i.e., DXA scanning or bioelectrical impedance; Burke, et al., 2018; De
Souza, Koltun, Strock & Williams, 2019). Although DXA scanning was the most commonly
used method to assess body composition in studies included in table 2.2 (such as, Hoch,
Pajewski, Moraski & Carrera, et al., 2009; Doyle-Lucas, Akers & Davy, 2010; Hoch, Papanek,
Szabo & Widlansky, et al., 2011; Melin, Tornberg, Skouby & Mgller, et al., 2015; 2016),
estimates of LBM may still be influenced by the acute effects of hydration status, exercise or
dietary EI. Thus, standardised DXA protocols should be employed to minimise the impact on
measurement error (Nana, Slater, Hopkins & Halson, et al., 2016). Nevertheless, measurement
error (~3% to 8%) is still common due to differences in techniques with the same machine or
event different machines with the same technique (Burke, et al., 2018). A few studies also used
skinfold measurements (surface anthropometry) to estimate LBM, such as, VanHeest, Rodgers,
Mahoney & De Souza (2014), Muia, et al., (2016), Brown, Howatson, Quin & Redding, et al.,
(2017), Schaal, Tiollier, Le Meur & Casazza, et al., (2017), and Sygo, Coates, Sesbreno &
Mountjoy, et al., (2018; Table 2.2). Despite having standardised and accredited protocols
developed by the International Society for the Advancement of Kinanthropometry, this method
is considered a doubly indirect estimate of LBM. Although cheaper and more accessible, its
use is considered more applicable in monitoring differences in physical components such as

subcutaneous fat or girths in athletes (Larsen-Myer, Woolf & Burke, 2018).

In contrast, dietary EI measurement errors contribute a significant difference to
estimates of EA. This is related to dietary El assessments in free-living athletes relying on self-
reported sources to obtain a valid (how accurately the data measure actual EI) and reliable (how
well the data reflect typical EI) record of either habitual or time specific dietary EI (Burke,
Cox, Cummings & Desbrow, 2001; Mountjoy, et al., 2014; 2018; Burke, et al., 2018). Dietary
El can be assessed by either retrospective analysis or prospective recording. There is no gold

standard for measuring dietary EIl, however, most EA studies included in table 2.2 have relied
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on prospective recording using diet records to assess EIl (i.e., written record, electronic
applications, and/or photo assessment; Table 2.2). Unfortunately, there is substantial evidence
that self-reported diet records are prone to inaccurate reporting, particularly under-reporting in
athletes, and fail to reflect a true representation of habitual or long-term EI (Burke, et al., 2001;
Capling, Beck, Gifford & Slater, et al., 2017). These inaccuracies relate to several separate
factors; it is known diet records often alter habitual dietary EIl, quantification or description
errors of food and drink recorded, and athletes may try to improve the perception of their
dietary EI by inaccurate recording. The latter may be evidenced by omission of certain foods
or drinks, under-reporting of portion sizes and foods and drinks deemed “unhealthy”, and/or
over-reporting of foods and drinks considered “healthy” (Burke, et al., 2001; Capling, et al.,

2017; Burke, et al., 2018).

Significant and widespread dietary ElI measurement errors evident in the athletic
population exist even when alternative methods are employed to enhance both accuracy (e.g.,
duplication of assessments methods and/or weighted diet records) and reliability (e.g., repeated
measures; Burke, et al., 2018). Burrows, et al., (2019) recently conducted a systematic review
evaluating the validity of dietary assessment methods used to estimate EI of adults (=18 years)
against TEE measured by the reference method of doubly labelled water (DLW). It was
reported that under-reporting of dietary El ranged from 11% to 41% in studies using diet
records, 1% to 47% in those using diet histories, and 5% to 42% in those studies using food
frequency questionnaires. More recently, a similar study reported the use of weighed diet
records in females underestimated daily EI by ~2286 kJ (546 kcal) and estimated diet records
underestimated by ~1829kJ (437 kcal; McKenzie, Coyle, Santos & Burrows, et al., 2021).
Measurement errors of self-reported dietary EI have not been as well studied in the athletic
population compared to general population (Hill & Davies, 2001). However, a meta-analysis

comparing self-report dietary EI to DLW in various athletic groups found a lower mean bias
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of 19% under-reporting (range 0% to 36%) indicating a daily EI of ~2500kJ (598 kcal; Capling,

etal., 2017).

The burden to both participants (i.e., time recording EIl) and practitioners/researchers
(i.e., time processing EI data) also need to be considered when assessing dietary El as this may
impact on participant compliance (Capling, et al., 2017; Burke, et al., 2018). Measurement
error may too be derived from differences in the resources (i.e., nutrition software/databases)
and protocols (i.e., coding of food and drink or food composition values) available to the
practitioner/researcher to analyse diet records (Braakhuis, Meredith, Cox & Hopkins, et al.,
2003; Larsen-Myer, et al., 2018). The validity of diet records can be compared to more rigorous
assessments such as the DLW-method or using biomarkers (i.e., 24-h urea nitrogen excretion;
Capling, et al., 2017), however, no studies in table 2.2 used either method and only a few
(Schaal, van Loan & Casazza, 2011a; Woodruff & Meloche, 2013; Melin, et al., 2015; 2016)
used more simple validity methods such as the Goldberg or Black cut-offs (Goldberg, Black,

Jebb & Cole, et al., 1991; Black, 2000).

Similar to dietary El, EEE measurement errors also contribute a significant difference
to estimates of EA and cause significant participant and practitioner/researcher burden. Burke,
et al., 2018) acknowledged the limited data available regarding the individualised energy
expenditure of complex or field-based exercise (e.g., swimming or strength and conditioning)
compared to simple exercise (e.g., running or cycling) when using HR monitors or GPS units.
Varied approaches have been used in the EA literature to estimate EEE in various athletic
populations with the most frequently used being training records with HR monitors in table
2.2. For instance, a few studies monitored body movements via accelerometers to estimate EEE
(Woodruff & Meloche, 2013; Hoch et al, 2011; Brown, et al., 2017; Zabriskie, Currier, Harty

& Stecker, et al., 2019) and others conducted laboratory testing to allow the relationship of HR
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and VO./respiratory exchange ratio (RER) to be compared to training records and HR monitors

(Schaal, et al., 2011a; Melin, et al., 2015; 2016; Lagowska & Kapczuk, 2016).

Murakami, et al., (2016) conducted a validation study comparing 12 wearable devices
for measuring TEE (e.g., Garmin Vivofit, Fitbit Flex, ActiGraph GT3X etc) against gold
standard measurements for a standardised day (metabolic chamber) and free-living days (DLW
method). In comparison to DLW estimates, all wearable devices underestimated TEE with the
mean daily underestimation ranging from 400 to 2500 kJ (96 to 598 kcal). In a follow up study
using the same wearable devices and methods, all except two devices significantly
underestimated TEE in comparison to DLW estimates with the mean absolute percentage error
ranging from 19% to 100% (Murakami, et al., 2019). The integration of both physiological data
derived from indirect calorimetry and accelerometer data has been suggested as a method of
improving precision and accuracy. Particularly for EEE estimates during vigorous exercise
which are known to be underestimated when using accelerometers (Brage, Brage, Franks &
Ekelund, et al., 2004; Strath, Brage & Ekelund, 2005; Brage, Westgate, Franks & Stegle, et al.,
2015). Measurement error can also be minimised by ensuring the same device and methods for
estimating EEE are consistent across all types of exercise recorded, especially in those athletes

who cross-train (Burke, et al., 2018).

An alternative method used that is often cheaper and more accessible, albeit less
precise, is the use of training records to calculate EEE from metabolic equivalent of tasks
(METSs; Ainsworth, Haskell, Herrmann & Meckes, et al., 2011) or equivalent (table 2.2). This
method may also be used in combination with others when the use of wearable devices is not
possible (i.e., swimming). There is also no universally accepted definition or terminology of
exercise in free-living athletes with differences related to the difference between physical
activity and purposeful training/competition, level of intensity, and the inclusion or exclusion
of leisure activities and energy expended in transporting sport equipment (i.e., bikes; Burke, et
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al., 2018 — table 2.2). Inconsistency in the different methods and definitions used in the same
population can result in different calculations and interpretations of EA levels and makes
comparisons of studies difficult (Guebels, Kam, Maddalozzo & Manore, 2014; Burke, et al.,

2018).

As identified by Loucks and Verdun (1998), the current definition of EA accounts for
non-exercise energy expenditure being subtracted from EEE during the exercise period to
prevent the overestimation of EEE and underestimation of EA in athletes. Measurement error
can therefore occur during measurements of RMR using indirect calorimetry or in the use of
standard prediction equations (i.e., Cunningham, 1980). Although cheaper and more
accessible, the use of such prediction equations in metabolically adapted athletes may
overestimate RMR which in turn underestimates EEE and overestimates EA (Burke, et al.,
2018). Limited studies have factored this into the estimation of EEE and EA calculation
(Koehler, Achtzehn, Braun & Mester, et al., 2013; Melin, et al., 2015; 2016; Viner, Harris,
Berning & Meyer, 2015; Heikura, Uusitalo, Stellingwerff & Bergland, et al., 2018a; Heikura,

Burke, Bergland & Uusitalo, et al., 2018b).

There exist no reference guidelines for the period of assessment when undertaking an
EA assessment (Mountjoy, et al., 2014; 2018; Burke, et al., 2018). Currently, no data exist
across the athletic populations on the period of assessment required (i.e., number of days) to
observe dietary El and EEE to reflect true habitual practices (Braakhuis, et al., 2003; Mountjoy,
et al., 2014; 2018; Burke, et al., 2018). Marr and Heady (1986) suggested the period of
assessment required for this in sedentary populations ranged from 3 to 4 days. Table 2.2
summarises the typical period of assessment in EA studies in various athletic and exercising
populations which ranges from 3 to 7 consecutive days. Assessment periods in the athletic
population often reflect a specific phase of training, the social calendar or when recording
compliance is maximised (Burke, et al., 2018). However, there may be dissociation between
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the period of EA assessment and the period when mismatched eating and exercise behaviour
caused reduced or LEA (Mountjoy, et al., 2014; 2018; Burke, et al., 2018). In summary, it is
these barriers associated with the assessment of EA in free-living athletes that has prevented
the universal acceptance and recommendation of it as a stand-alone diagnostic tool (De Souza,

et al., 2014; Mountjoy, et al., 2014; 2018).

Recently, emphasis has been placed on the use of screening tools for the early detection
of those at risk of developing LEA as a means to prevent the long-term health and performance
consequences (De Souza, et al., 2014; Mountjoy, et al., 2014; 2018). Melin, et al., (2014)
developed the LEAF-Q (see chapter 3.4) to examine LEA risk and associated physiological
symptoms. Further validity testing is required across various athletic populations as it is
currently only validated in female endurance athletes. Melin, et al., (2014) also recommend the
LEAF-Q should be used in combination with a validated DE screening tool. Although yet to
be validated, Mountjoy, et al., (2015a) developed the RED-S CAT to assist in screening for
RED-S and return to play decisions. Although these subjective measures are more accessible
to a larger population, they may not be accurate and are dependent on self-report answers, with
inherent issues regarding false reporting and compliance. Plus, the efficacy of these measures
has also been questioned and it is recommended they are supplemented with additional
individualised measurement techniques to enable diagnosis. These have included serial
measures of body mass and composition, metabolic status, eating behaviours, and other
psychological risk factors (i.e., exercise dependence, perfectionism etc; De Souza, et al., 2014;
Mountjoy, et al., 2014; 2018; De Souza, et al., 2019). Thus, highlighting the complexity and
multi-disciplinary approach required for the accurate and reliable assessment of EA in free-

living athletes.

2.3.1.3 Low energy availability overview
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Healthy adults are typically considered to be in a state of EB (0 kcal-day™) when EA is
45 kcal-kgLBM™*-day? (Loucks & Heath, 1994; Loucks & Thuma, 2003). LEA is the current
terminology used to describe the negative health and performance consequences observed in
athletes when there is inadequate energy to support all physiological functions (Loucks, et al.,
2011). LEA in athletes may be caused by three distinct origins, 1) ED, 2) intentional but
mismanaged efforts to alter body composition that may include DE behaviour, and 3)
inadvertent inability to increase dietary EI to match EEE (Nattiv, et al., 2007). Table 2.2 shows
the estimated prevalence of LEA and EA measures in free-living, female athletes and/or

exercisers in various sports groups.

2.3.2 Conceptual models

2.3.2.1 Female athlete triad model

The term ‘female athlete triad” (Triad) was first recognised in 1992 by the ACSM with
the first position stand on the Triad published in 1997 (Yeager, et al., 1993; Otis, et al., 1997).
The Triad was primarily defined as a clinical syndrome of three distinct but inter-related
conditions; disordered eating, amenorrhea, and osteoporosis which were frequently observed
in adolescent and young adult female athletes and exercising females (Otis, et al., 1997).
Subsequent studies found LEA could be intentional, inadvertent, or psychopathological and
linked to disturbances in menstrual and bone health (Loucks, Verdun & Heath, 1998; Hilton &
Loucks, 2000; Ihle & Loucks, 2004). It was also highlighted that the negative health
consequences of Triad could occur at a subclinical level with reduced EA, subclinical
menstrual disorders, and low bone mineral density (De Souza, Miller & Loucks, et al., 1998;
Sowers, Randolph & Crutchfield, et al., 1998; Tomten, Falch & Birkeland, et al., 1998). An
updated position stand published in 2007 acknowledged these findings and redefined the Triad
model components to consist of LEA (with or without ED), FHA, and osteoporosis as the
pathological clinical endpoints. The revised model (figure 2.3) views each of the three inter-
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related conditions on a spectrum ranging from the optimal healthy endpoint to subclinical and
clinical conditions (Nattiv, et al., 2007). However, there are currently no clear guidelines for

the diagnosis of subclinical conditions (Nattiv, et al., 2007; De Souza, et al., 2014).

In the case of optimal health, it refers to adequate EA to support TEE and physiological
function without compromise (i.e., bone mass is normal and maintenance of ovulatory
menstrual cycles; Nattiv, et al., 2007). It recognised that females may present with one or more
of the three Triad conditions and each individual condition may progress along each spectrum
bi-directionally at different rates. For instance, changes in EA may take days to weeks,
alterations to menstrual function may occur within several months but in some cases may take
longer than a year, and changes to bone mineral density (BMD) are much slower and may take
several years (Nattiv, et al., 2007). The most recent consensus statement (De Souza, et al.,
2014) re-emphasises the importance of presenting the Triad on a spectrum to enable the early
detection and intervention of females with subclinical conditions. Thus, preventing the
potentially irreversible consequences of the clinical endpoints of the Triad. The 2014 statement
established clinical guidelines on treatment, risk-management strategies, and return-to-play
recommendations and re-iterated the need for continued research investigating these areas,

along with, the prevalence and aetiology (De Souza, et al., 2014).

2.3.2.2 Relative energy deficiency in sport model

The term ‘relative energy deficiency in sport’ (RED-S) was first introduced in a
consensus statement by the 10C in 2014 and later updated in 2018 (Mountjoy, et al., 2014;
2018). The aim of the consensus statement was to better current understanding and awareness
of the Triad and provide a more inclusive term for the overall clinical syndromes originally
referred to as Triad. The aetiological factor underpinning the model is relative energy

deficiency defined as “an energy deficiency relative to the balance between El and the energy
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expenditure required to support homeostasis, health and the activities of daily living, growth,
and sporting activities.” (Mountjoy, et al., 2014). The RED-S model was proposed to be
broader in scope and expand on the Triad by suggesting the overall clinical syndrome is not a
triad of three components. Instead, it indicates ten health and ten performance-related
consequences resulting directly from LEA that are not limited to disturbances in menstrual and
bone health. These additional consequences are shown in Figure 2.4 and include metabolic
rate, cardiovascular health, endocrine function, decreased endurance performance and aspects
related to mood (Mountjoy, et al., 2014; 2018). In contrast to the Triad spectra, all of the
suggested consequences have a uni-directional and direct relationship with LEA with the
exception of psychological health. Psychological health is bi-directional as it is suggested it
may precede or be the result of LEA. Additionally, the RED-S model further expands on the
Triad by acknowledging male, non-Caucasian, and disabled athletes may too be affected

(Mountjoy, et al., 2014; 2018).
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Optimal Energy
Availability

Reduced Energy Availability
with or without
Disordered Eating

Eumenorrhea

Optimal
Low Energy Availability Bone Health
with or without an

Eating Disorder
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Menstrual
Disorders

Functional
Hypothalamic

Amenorrhea Osteoporosis

Figure 2.3. The current female athlete triad spectra by Nattiv, et al., (2007, p. 1868)
illustrates the progression from optimal health to subclinical and clinical conditions. The
black arrows represent the bidirectionality of each condition becoming worse or improving.
The green and red arrows represent how the three Triad components are inter-related. BMD,

bone mineral density.
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Table 2.2. Estimated prevalence of LEA and EA measures in free-living, female athletes and/or exercisers in various sport groups.

Author  Population Monitoring LBM DEI Additional Energy Prevalence of
period measurement  measurement  measurement — measurement measurements  Availability LEA
Black 38 3-day period  Bioelectrical 3-day Training logs LEAF-Q + 40.4 63% at risk
etal., recreational  betweentwo impedance weighed diet training kcal-kgLBM  of LEA
(2018) exercisers lab visits record background +  “-day* (LEAF-Q >
self-reported (average) 8)
(mean age: physical
23 years) characteristics  36.3/47.5
+ menstrual kcal-kgLBM
history + L.day? (at
saliva samples  risk / not at
for hormone risk by
profile LEAF-Q)
Brown 25 pre- 7-day period  Skinfold 7-day Accelerometer  Three-factor ~ Menstrual 24.0 N/A
etal., professional during measurements  prospective cycle kcal-kgLBM
(2017) dancers normal (Durnin & weighed diet questionnaire  questionnaire  -day’
training Womersley, record + 24 h (TFEQ-R18) (weekdays)
(mean age: 1974) recall
21 years) 36.0
kcal-kgLBM
‘1-day‘1
(weekends)
Doyle- 15 elite 4-day period DXA scan 4-day Menstrual 37.5 N/A
Lucas female ballet before weighed diet history kcal-kgLBM
etal., dancers laboratory record questionnaire  *.day*
(2010) visit + RMR via 41.1
(mean age: indirect kcal-kgLBM
24 years) calorimetry +  1.day?

BMD

(controls)




Folsch 306 1-day period N/A N/A N/A FAST LEAF-Q + N/A 44% at risk
er et competitive  at 2014 training of LEA
al., ultra- Comrades background + during pre-
(2015) endurance Marathon self-reported season
runners physical (LEAF-Q >
characteristics 8)
(mean age: + Triad/RED-
40 years) S knowledge
Heikur 13 AME+ 22 7-day period DXA scan 7-day diet Training logs N/A BMD + 32.0 31% had EA
aet EU elite pre- record + METs LEAF-Q + kcal-kgLBM < 30
al., middle-and-  competition (combined blood markers  1.day* kcal-kgLBM
(2018a long distance training weighed and + menstrual (AME) 1.day?
) runners + household history +
race walkers measures) RED-S/Triad  35.0 AME mean
tool kcal-kgLBM LEAF-Q
(mean age: L.day(EU) score=12.8
24 and 27
years) EU=8.3
Heikur 27 elite 7-day period DXA scan 7-day Training logs N/A BMD + 33.0 N/A
aet middle-and-  during weighed diet + METs + LEAF-Q + kcal-kgLBM
al., long distance  altitude record RPE haemoglobin ~ -day?
(2018b  runners + training mass + blood
) race walkers  camp — data markers
recorded
(mean age: week 2
26 years)
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Hoch 80 varsity 3-day period DXA scan 3-day Questionnaire EAT-26 Menstrual N/A 6% had EA
etal., athletes over a prospective of training history <30
(2009)  (various weekend diet record volume guestionnaire kcal-kgLBM
sports) (weekly) + + blood 1.day?
Compendium markers +
(mean age: of Physical BMD 30% had EA
17 years) Activities >30and <
(Ainsworth et 45
al, 2011) kcal-kgLBM
'1-day'1
Hoch 22 3-day period DXA scan 3-day Accelerometer EDE-Q Menstrual N/A 77% had
etal., professional overa prospective history LEA
(2011) ballet weekend food diary questionnaire  "LEA
dancers with interview  defined as
+ hormonal negative
(mean age: profile + value
23 years) endothelial
function +
BMD
Jesus 83 elite 1-day period N/A N/A N/A N/A LEAF-Q + N/A 80% at risk
etal.,  cross-country atthe 2019 training of LEA
(2021)  runners European background + during pre-
Cross- self-reported season
(mean age: Country physical (LEAF-Q >
22 years) Championshi characteristics 8)
ps
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Koehl 185 young 7-day period BIA 7-day diet Training diary N/A Blood markers 29.4 51% had EA
er et elite athletes  during record with + kcal-kgLBM < 30
al., (various normal standardised  Compendium 1.day? kcal-kgLBM
(2013)  sports) training foods + of Physical (average) 1.day?
interview Activities
(mean age: (Ainsworth et 36.2
16 years) al, 2011) kcal-kgLBM
'1-day'1
(endurance
sports)
Lagow 31 athletes 3-day period BIA 7-day diet HR monitors + N/A Menstrual 28.3 N/A
ska &  (various during record with laboratory history kcal-kgLBM
Kapcz sports) +27  normal photos calculated VO, questionnaire  *.day*
uk ballet training + training + (athletes)
(2016) dancers guestionnaire gynaecological
assessment +  21.7
(mean age: blood markers  kcal-kgLBM
athletes 18 1.day?
years + (dancers)
dancers 17
years)
Logue 833 active 1-day period N/A N/A N/A N/A LEAF-Q + N/A 40% at risk
etal., females to complete participant of LEA
(2019) (various online survey demographics, (LEAF-Q >
sports) training 8)
history, diet
history and

injury history
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Melin 40 7-day period  DXA scan HR monitors + EDE-16 +  Menstrual 39.6 43% had EA
etal., competitive  during prospective  training logs + EDI-3 history kcal-kgLBM > 30 and <
(2015) and elite normal weighed diet  laboratory questionnaire  *-day* 45

weight- training calculated VO, + (average) kcal-kgLBM

bearing gynaecological 1.day?

endurance assessment +

athletes blood markers 20% had EA

+ aerobic <30

(mean age: capacity + kcal-kgLBM

26 years) BMD 1.day?
Melin 25 7-day period DXA scan HR monitors + EDE-16 +  Menstrual 42.5 44% had EA
etal., competitive  during prospective  training logs + EDI-3 history kcal-kgLBM > 30 and <
(2016) and elite normal weighed diet  laboratory questionnaire  *.day* 45

weight- training calculated VO, + (average) kcal-kgLBM

sensitive gynaecological 1.day?

endurance assessment +

athletes LEAF-Q + 12% had EA

blood markers <30

(mean age: + BMD kcal-kgLBM

27 years) 1.day?
Meng 52 elite and 1-day period DXA scan N/A EDI-3 LEAF-Q + N/A 56% of elite
etal., 114 during BMD + and 35% at
(2020) recreational ~ normal participant risk of LEA

aesthetic training demographics, (LEAF-Q >

sport athletes training 8)

(mean age: history +

20 years) blood markers
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Moss 13 5-day period DXA scan 5-day Training logs EDE-Q BMD + 35.0 23% at risk
etal., professional in-season weighed diet  + METs LEAF-Q + kcal-kgLBM  of LEA
(2020) soccer record blood markers  *.day!(all (LEAF-Q>
players + RMR via days) 8) and had
indirect EA <30
(mean age: calorimetry 29.0 kcal-kgLBM
24 years) kcal-kgLBM  “1.day?
'1-day'1
(heavy 62% had EA
training or >30and <
match days) 45
kcal-kgLBM
'1-day'1
Muia 61 elite 5-day period  Skinfold 5-day diet Training logs EDI-3 + Menstrual 36.5 18% had EA
etal., middle-and- (3 training measurement  record (3 with RPE for TFEQ history kcal-kgLBM <30
(2016) long distance days and 2 (Warner, training days METs questionnaire  *.day* kcal-kgLBM
adolescent rest days) Fornetti, Jallo, and 2 rest calculation (average) 1.day?
runners & Pivarnik, days)
2004)
(median age:
16 years)
Reed 25 active 7-day period DXA scan 2 sets of 3- HR monitors + TFEQ + EDI  Aerobic 42.1 N/A
etal., females during day diet training logs + capacity + kcal-kgLBM
(2011) (various normal records METs for RMR via 1.day?
sports) training recorded two  sessions indirect (OVS)
weeks apart  without HR calorimetry +
(2 weekdays  monitor gynaecological 28.8
and 1 assessment + kcal-kgLBM
weekend blood markers  *.day*
day) + BMD (EXMD)
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Reed 19 NCAA 3-day period DXA scan 3-day diet HR monitors + EDI-2 Aerobic 43.5 26% had <
etal., Division | (pre, mid and records (non- training logs + capacity + kcal-kgLBM 30
(2013) soccer post season) weighed + METs for blood markers  .day (pre) kcal-kgLBM
players prospective)  sessions + menstrual 35.2 L.day? (pre)
without HR history kcal-kgLBM
(mean age: monitor questionnaire  “*-day?(mid) 33% had <
19 years) + BMD 30
44.5 kcal-kgLBM
kcal-kgLBM  “1.day* (mid)
'1-day'1
(post) 12% 26%
had < 30
kcal-kgLBM
'1-day'1
(post)
Robbe 26 vocational 5-day period DXA scan 5-day Estimated EDI-3 + BMD 39.0 N/A
sonet student normal weighed METs TFEQ kcal-kgLBM
al., dancers training food diary 1.day?
(2015)
(mean age: 38.0
19 years) kcal-kgLBM
'1-day'1
(controls)
Schaal 10 7-day period DXA scan 7-day diet Training logs EDE-Q Aerobic 29.0 N/A
etal., competitive  (normal record + HR and RPE capacity + kcal-kgLBM
(2011a endurance training) monitoring blood markers  “-day (EU)
) trained compared to + menstrual 18.0
athletes laboratory history kcal-kgLBM
calculated VO, questionnaire  -day’
+ BMD (AME)
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Schaal 9 national 4-day period  Skinfold 4-day HR monitors N/A Saliva samples 25.0 N/A
etal., synchronised (hormal measurements  prospective for endocrine  kcal-kgLBM
(2017) swimmers training + 2 (Jackson & photo record markers 1.day?
(mean age: and 4 weeks  Pollock, 1985) (normal
20 years) after training)
intensified
training) 22.3+18.0
kcal-kgLBM
'1-day'1
(week 2 and
4 intensified
training)
Slater 109 1-day period N/A N/A N/A N/A LEAF-Q + N/A 45% at risk
etal, recreational  tocomplete training of LEA
(2016) exercisers online survey background + during pre-
from team self-reported season
and physical (LEAF-Q >
individual characteristics 8)
sports + menstrual
history 70% + 35%
(mean age: at risk from
24 years) individual
sports +

team sports
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Silva 67 rhythmic  land4days BIA 24 h record Questionnaire N/A Gynaecologica 31.5 37% had EA
etal., gymnasts before of dietary of training | history via kcal-kgLBM <45
(2015) International intake volume questionnaire  *-day™ kcal-kgLBM
competition (weekly) + (average) 1.day?
Compendium
of Physical 32.9(16-18  45% had EA
Activities years) <30
(Ainsworth et kcal-kgLBM
al, 2011) 29.8 (19-26  *-day*
years)
Sygo 13 elite Assessed Skinfold N/A N/A N/A LEAF-Q + N/A 23% at risk
etal., national level once in the measurements BMD + RMR of LEA
(2018) track and pre-and-post  described by via indirect during pre-
field season Stewart et al., calorimetry + season
sprinters and 2011 blood markers (LEAF-Q >
jumpers + menstrual 8)
history
(mean age: 39% at risk
21 years) of LEA
post-season
VanHe 10 junior Every 2- Skinfold 3-day Training logs N/A Menstrual 32.0 N/A
estet  national weeks during measurements  prospective  + diaries cycle diary + kcal-kgLBM
al., swimmers competitive  (Durnin & diet record + maximum 400 “l.day?
(2014) (mean age: training Womersley, 24 h recall m time trial +  (average:
16 years) season 1974) RMR via CYC)
(CYC=5) indirect 11.0
(OVS =5) calorimetry +  kcal-kgLBM
blood markers  “-day*
(average:
0oVS)
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Viner 4 3-day period DXA scan 3-day Training diary TFEQ BMD 26.2 N/A
etal., competitive  during the prospective + kcal-kgLBM
(2015) endurance pre, mid and weighed diet  Compendium L.day? (pre)
cyclists post season record of Physical
Activities 25.5 (mid)

(mean age: (Ainsworth et 23.8 (post)

38 years) al, 2011)

Woodr 10 Varsity 7-day period  Air- 7-day Accelerometer N/A Menstrual 42.5 60% had EA
uff &  volleyball during displacement  prospective  + training cycle history kcal-kgLBM > 30 and <
Meloc players competitive  plethysmograp diet record diaries questionnaire  *.day* 45

he season hy (average) kcal-kgLBM
(2013) (mean age: 1.day?

21 years) 20% had EA
<30
kcal-kgLBM
'1-day'1

Zabris 20 National =~ 4-day period DXA scan 4-day diet Accelerometer N/A BMD +RMR 274 N/A
kieet  Division Il at five time record (2 + recovery kcal-kgLBM
al., Lacrosse points across weekdays + assessment 1.day?
(2019) athletes season 2 weekend (average)
days)
(mean age: 22.9 pre
20 years) 28.8 mid
28.3 post
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Zander 13 National 4-day period DXA scan 4-day diet HR monitor + N/A BMD + 46.0 N/A

setal., Division Il during 5 record accelerometers aerobic kcal-kgLBM
(2021) Basketball phases across capacity + 1.day?
players the season, RMR +sleep  (average)
(mean age: separated by and recovery
20 years) ~1 month

AME, amenorrheic; BIA, bioelectrical impedance; BMD, bone mineral density; CYC, cyclic menstruation; DE, disordered eating; DEI, dietary energy intake; DXA, dual
energy x-ray absorptiometry; EA, energy availability; EAT, eating attitudes test; ED, eating disorder; EDE, eating disorder examination; EDE-Q, eating disorder examination
questionnaire; EDI, eating disorder inventory; EEE, exercise energy expenditure; EU, eumenorrheic; EXMD, exercise menstrual disturbances; FAST, female athlete
screening tool; HR, heart rate; LBM, lean body mass; LEAF-Q, low energy availability in female’s questionnaire, METs, metabolic equivalent of task; N/A, not available;
OVS, ovarian suppressed; RED-S, relative energy deficiency in sport; RMR, resting metabolic rate; RPE, rating of perceived exertion; TFEQ, three factor eating
questionnaire; Triad, female athlete triad; VO, oxygen consumption.
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Figure 2.4. Health (A) and performance (B) consequences associated with the Relative Energy Deficiency in Sport model, from

Mountjoy, et al., (2014, p. 493).
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2.3.2.3 Critiques of the Triad and RED-S models

Both the Triad and RED-S models highlight the potential health and performance
consequences of inadequate energy for sport, however, controversy and a lack of clarity around
the models exist (De Souza, Williams & Nattiv, et al., 2014; Mountjoy, Sundgot-Borgen, Burke
& Carter, et al., 2015b). The 10C authors have described the RED-S model as being broader
in scope and more comprehensive than the Triad model and called for the new terminology of
RED-S to replace the Triad (Mountjoy, et al., 2014). Scientific rigor (the strict compliance to
all aspects of the scientific method) and reproducibility (different researchers obtaining
consistent results based on the original studies methods) are vital in the development and
interpretation of position stands and consensus statements. It reduces the risk of prematurely
introducing unfounded hypotheses and builds evidence-based knowledge from high quality

published studies, peer review and debate (Casadevall & Fang, 2016; 2018; Hofseth, 2018).

These factors have been evident in the advancements of the Triad model over the last
three decades with research addressing the associated criticisms of the model. These have
included the causal role of EA on menstrual function and bone health (De Souza & Williams,
2004; Loucks & Verdun, 1998; Loucks & Thuma, 2003; Metzger, Baek & Swift, et al., 2016;
Williams, Helmreich, Parfitt & Caston-Balderrama, et al., 2001; Williams, Leidy & Hill, et al.,
2015), sociological implications of the negative consequences associated with sport and
exercise (DiPietro & Stachenfeld, 2006), the prevalence and interrelatedness of Triad
components (De Souza, Toombs & Scheid, et al., 2010; Gibs, Williams & De Souza, 2013;
Khan, Liu-Ambrose & Sran, et al., 2002; Sundgot-Borgen & Torstveit, 2004), and Triad
recovery (Williams, Mallinson & De Souza, 2019). Current criticism, gaps in the literature or
debates of the Triad relate to the long-term health consequences of Triad, the application of EA

definitions and thresholds from laboratory to field settings, and the relationship between
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psychological factors (i.e., stress) and menstrual function (Heikura, et al., 2018a; Loucks &

Redman, 2004; Williams, et al., 2019).

In contrast, it has been argued that there is insufficient and inaccurate interpretation of
supporting evidence and a lack of scientific rigor with regards to several facets of the RED-S
model (De Souza, et al., 2014). For instance, the RED-S model refers to the ten health
consequences of energy deficiency as ‘impairments’ and considers each to be a threat to overall
health and require treatment. The model does not offer evidence for physiological plasticity
but rather implies all physiological impairments are independent and equal in their contribution
to poor health. There is concern that this oversimplification may reduce the clinical relevance
of the primary clinical conditions (DE/ED, menstrual function and/or bone health) associated
with LEA (De Souza, et al., 2014). With reference to the health and performance consequences
depicted in the RED-S model, these are not specifically defined and often refer to physiological
systems. The amount of relative energy deficiency needed to cause impairment is also not
defined. This has led to a lack of supporting evidence as the ability to reproduce findings is

limited with a lack of quantifiable outcomes (Mountjoy, et al., 2014; 2018).

The 10C authors have argued that the Triad is not a true Triad (Mountjoy, et al., 2014;
2015b; 2018). The basis of this relates to the 2007 position stand and 2014 consensus paper
stating individuals can present with one or more of the three clinical conditions and although
the three clinical conditions are the most serious sequelae other clinical issues exist (Nattiv, et
al., 2007; De Souza, et al., 2014). It is argued that the Triad model does not adequately illustrate
the importance of LEA, the interrelatedness of all the factors, or the concern of subclinical
levels of presentation (Mountjoy, et al., 2014; 2015b; 2018). Alternatively, it is viewed that the
RED-S model misrepresents the physiological underpinnings of the Triad model and mis-
identifies causality. A result of the uni-directional arrows implying a direct and equal effect of
energy deficiency on health and performance consequences and insufficient supporting
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evidence of the health and performance consequences. Unlike the Triad model, the RED-S
model fails to depict or offer supporting evidence for the continuum from healthy to subclinical
and clinical conditions for the health and performance consequences mentioned or the potential

reversibility of these (De Souza, et al., 2014).

Another point of discussion centre on the unclear definition provided for energy
deficiency which underpins the RED-S model (defined in Chapter 2.3.2.2). This definition
more closely relates to the EB concept and is not in line with the definition of EA referenced
throughout the RED-S consensus statement. EB and EA are not synonymous (see Chapter
2.3.1), but the 10C authors have continued to use the terms relative energy deficiency and LEA
interchangeably (Mountjoy, et al., 2014; 2015b; 2018). The RED-S consensus statement
provides no units of measure or guidelines on how to quantify relative energy deficiency and
it is unclear how the concept of RED-S is used in the assessment of energy status (Mountjoy,
et al., 2014). The RED-S concept is not experimentally derived and subsequent updates have
used EA research originally used in the Triad model to support relative energy deficiency (De
Souza, et al., 2014; Mountjoy, et al., 2014; 2015b; 2018). Thus, it is not clear if the aetiological

factor of the RED-S model is relative energy deficiency or LEA.

A criticism of the Triad model, suggested by the 10C authors, has been its focus solely
on the female athlete. They too suggest that the Triad model fails to recognise those who may
be at risk but do not identify as an athlete (i.e., dancers or recreational exercisers) by using the
term athlete in its title (Mountjoy, et al., 2014; 2015b). By being broader in scope the RED-S
model has included male, non-Caucasian, and disabled athletes as groups potentially at risk of
energy deficiency/LEA. Research is evolving within these focus groups (Chin, Hoggatt &
McGregor, et al., 2016; James-Todd, Chiu & Zota, 2016; Tenforde, Barrack & Nattiv, et al.,
2016), however, it is still in its infancy and it is thought their inclusion within the RED-S model
is premature and unsubstantiated by case studies, observational studies, or gold-standard
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randomised control trials. The RED-S model also does not account for the unique physiological
differences found across these groups and their relation to energy deficiency/LEA (De Souza,
et al., 2014). It is misleading to provide universal clinical guidelines for the prevention,
detection, and treatment of energy deficiency/LEA across these groups that have
predominantly been derived from females. There are concerns the inclusion of these groups
under one model may detract the focus away from females when it is known they experience

the most severe clinical consequences (De Souza, et al., 2014).

Although both the Triad and RED-S models’ have a common goal, the lack of clarity,
controversy, and inconsistencies in knowledge is confusing for the wider scientific and sporting
community (Williams, Koltun, Strock & De Souza, 2019). After reviewing the two models, it
is clear the RED-S model brings attention to impairments beyond menstrual and bone health
whilst extending the model to acknowledge other potentially at-risk groups (i.e., males).
However, unlike the Triad model, RED-S fails to define its components, the clinical relevance,
the inter-relatedness of its components and the causal role of either LEA/relative energy
deficiency. There is a distinct lack of supporting evidence and scientific rigour throughout the
RED-S model. This results in increased confusion and misdiagnosis both in the research field
and in clinical practice when managing at-risk individuals. After reviewing the two models, it
is clear there is scope for the Triad research to extend in the direction of a male triad model,
however, there appears to be an overgeneralised approach when including several focus groups
under one umbrella for applying RED-S. For the purpose of this thesis, Triad is viewed as a
diagnosable condition underpinned by supporting evidence and scientific rigour and RED-S is

viewed as a concept.
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2.3.3 Health effects of low energy availability

The Triad and RED-S models outline the negative health and performance
consequences associated with LEA (Nattiv, et al., 2007; Mountjoy, et al., 2014). Although not
limited to issues with menstrual function and bone health, to date these have been identified as
the most serious clinical outcomes associated with LEA (De Souza, et al., 2014). As this thesis
focuses on the prevalence of individuals at risk of LEA opposed to examining its effects on
health and performance, this section will provide a brief overview of the most serious clinical

outcomes for female athletes.

2.3.3.1 Energy availability and menstrual function

Definitions: Menstrual function exists upon a continuum of reproductive disturbances,
fluctuating between eumenorrhea, to subclinical perturbations (i.e., luteal phase defects
(LPD)), to clinical conditions (i.e., amenorrhea; De Souza, 2003; De Souza & Williams, 2004
— see figure 2.5). Within this range, eumenorrhea is defined as having a regular, ovulatory
cycle, with a luteal phase >10 days and a cycle length ranging from 22-35 days (De Souza,
2003). LPD in athletes and physically active females has been defined as a luteal phase <10
days, with reduced progesterone concentrations. Though ovulation occurs, the reduction in
progesterone concentrations reflect the inadequacy of the reproductive system to support
implantation due to the poor quality of the endometrium (Jones, 1976; Balasch & Vanrell,
1987; De Souza, 2003). Anovulatory cycles refer to the absence of ovulation defined by low
levels of luteinising hormone (LH) and follicle stimulating hormone (FSH) secretion and
reduced oestrogen (E>) levels (Hamilton-Fairley & Taylor, 2003). Due to the variation in cycle
length with anovulation it has been associated with oligomenorrhoea (De Souza & Williams,
2004). Several methods exist to determine menstrual cycle phase which vary in both the

accuracy of determining menstrual phase and precision of the measurement, as shown in table
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2.3 (Alen, McRae-Clark, Carlson & Saladin, et al., 2016). However, it should be noted that
recommendations made by Alen, et al., (2016) have not been directly compared to one another
and rank ordering of methods based on precision, accuracy, cost, and participant burden was

based on expert opinion opposed to scientific data.

Loucks and Horvath (1985) described oligomenorrhea as irregular and inconsistent
menstrual cycles varying from 36-90 days in length. When methodological limitations for
detection exist, an alternative definition used is <4 menstrual cycles per year (Cobb, Bachrach,
Greendale & Marcus, et al., 2003). Primary amenorrhea (also referred as delayed menarche) is
defined as menarche occurring after the age of 15 years in the presence of normal secondary
sexual characteristics (American Society for Reproductive Medicine Practice Committee,
2004). Secondary amenorrhea has been conservatively defined as no menses for a minimum of
three months (Loucks & Horvath, 1985). FHA is one of the most common causes of secondary
amenorrhea and refers to recurring anovulation associated with weight-loss, stress, or exercise
(Meczekalski, Katulski, Czyzyk & Podfigurna-Stopa, et al., 2014; Gordon, Ackerman, Berga
& Kaplan, et al., 2017a). The current diagnostic approach for primary and secondary
amenorrhea is presented in Figure 2.6 (ASRMPC, 2004; 2006; Klein, Paradise & Reeder,

2019).
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Figure 2.5. Continuum of menstrual disturbances in female athletes and physically active

females. LPD, luteal phase defects.

Table 2.3. Precision and accuracy of methods used to determine menstrual cycle phase by
Allen, et al., (2016, p. 22).

Method Measurement precision  Accuracy of determining phase
Sonography High Very High
Blood sex hormone assessment Medium High
Salivary sex hormone Medium High
assessment
Urine LH testing Low Medium
Basal-body temperature Low Medium
Self-report onset of menses Low Low
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A) Perform history and physical examination (Table 2)

Pregnancy test; serum LH, FSH, TSH, and
prolactin levels; pelvic ultrasonography or
other laboratory testing if clinically indicated

|
' l

Pregnancy test positive: pregnant, treat as appropriate Uterus present?

Abnormal TSH level: order thyroid func-
tion tests and treat thyroid disease
Abnormal prolactin level: magnetic resonance imaging
of the pituitary to exclude adenoma; review medications

Yes

' , '

Low FSH and LH levels* Normal FSH and LH levels*

l l '

Functional hypothalamic Consider outflow tract Primary ovarian
amenorrhea (if energy obstruction; also consider all insufficiency
deficit), constitutional delay other causes of amenorrhea l

of puberty; rarely primary with normal gonadotropin
gonadotropin-releasing levels (Figure 2)
hormone deficiency

presence of Y chromatin

Elevated FSH and LH levels*

female-range serum

Order karyotype to evalu-
ate for Turner syndrome or

No

Karyotype; free and total testosterone levels

|
! '

46,XX, expect 46,XY, expect
male-range serum
testosterone level testosterone level

' '

Mdllerian  Androgen insensitivity syndrome
agenesis or S5a-reductase deficiency

Figure 2.6. Diagnostic approach for the evaluation of A) primary amenorrhea and B) secondary amenorrhea, from Klein, et al., (2019,

p. 41-2).
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B)

Perform history and physical examination (Table 2)
Review medications including contraceptives and illicit drugs

!

Pregnancy test; serum LH, FSH, TSH, and
prolactin levels; pelvic ultrasonography or
other laboratory testing if clinically indicated

'

Pregnancy test positive: preg-
nant, treat as appropriate

Abnormal TSH level: order thyroid func-
tion tests and treat thyroid disease

Abnormal prolactin level; MRI of the pituitary
to exclude adenoma; review medications

:

Normal or low FSH or LH levels*

.

Elevated FSH and LH levels*
Repeat in one month; consider
serum estradiol level
Primary ovarian insufficiency, natural menopause;
order karyotype, especially if patient is of short
stature, to rule out Turner syndrome or variant

‘

Evidence of disordered
eating, excessive exercise,
or poor nutritional status

;

Most likely functional
hypothalamic amenorrhea
out consider chronic illness

Evidence of high intracranial
pressure (e.g., headache,
vomiting, vision changes)

‘ ‘

Evidence of hyperandrogenism

l

Order serum testosterone, DHEA-S,
17-hydroxyprogesterone testing

!

History of obstetric or gynecologic pro-

cedures; consider hormonal induction

of withdrawal bleed or hysteroscopy to
evaluate for intrauterine adhesions

'

Consider MRI of head to
evaluate for neoplasm

.

Elevated 17-hydroxyprogesterone level

'

Consider late-onset con-
genital adrenal hyperplasia

l

Consistent with polycystic ovary syndrome

'

Screen for metabolic syn-
drome; treat accordingly

,

Rapid onset of symptoms or very
high serum androgen levels;
consider adrenal and ovarian
imaging to evaluate for tumor

Figure 2.6. Diagnostic approach for the evaluation of A) primary amenorrhea and B) secondary amenorrhea, from Klein, et al., (2019,

p. 41-2).
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Prevalence: Limited data exist on the prevalence of LPD and anovulatory cycles in
athletes and physically active females. A result of methodological difficulties in detecting these
subtle menstrual disturbances when individuals present with consistent intermenstrual intervals
of normal length (22-35 days). Specifically, with the sole use of menstrual history
questionnaires assessing menstrual cycle length as an indicator of ‘normal’ menstrual function
(De Souza, et al., 2010). Prevalence estimates of LPD in sedentary females range from 2% to
8% and 3% to 20% in females with infertility (McNeely & Soules, 1988; De Souza, Miller &
Loucks, et al., 1998; Smith, Lenton, Landgren & Cooke, 2006). LPD are the most prevalent
menstrual cycle disturbance associated with exercise with a greater incidence in active females

than sedentary (McNeely & Soules, 1988; De Souza, Miller & Loucks, et al., 1998).

A 3-month prospective observational study in twenty-four, moderately active females
(32 km/week of running) was conducted using urinary endocrine data for measures of total
FSH, LH, pregnanediol-3-glucuronide, and estrone conjugates. (De Souza, Miller & Loucks,
et al., 1998). It was observed that even with regular menstrual cycles of normal length,
menstrual function was highly variable and frequently abnormal. A prevalence and sample
incidence of LPD and anovulation of 42% and 16% respectively was reported (De Souza, et
al., 1998). The importance of monitoring more than one menstrual cycle was highlighted with
research often monitoring three consecutive menstrual cycles (De Souza, et al., 1998). As
despite presenting with regular menstrual cycle lengths of 27 days, 42% of exercising females
had intermittent presentations of ovulatory, LPD and anovulatory cycles across the 3-month

monitoring period (McNeely & Soules, 1988; De Souza, Miller & Loucks, et al., 1998).

In a follow-up study by De Souza, et al., (2010), 52% (n = 25/48) of physically active
females were categorised as having abnormal cycles despite presenting with regular menstrual
cycles of normal length. This consisted of a prevalence and sample incidence of LPD and
anovulation of 27% and 25% respectively (De Souza, et al., 2010). Both studies have
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highlighted the significant differences in the prevalence of subtle menstrual disturbances
between sedentary and exercising females. Both studies observed sedentary females as having
consistent menstrual status of either ovulatory or LPD cycles. The prevalence of LPD in
sedentary females in both studies was 9% and 5% respectively, with no reports of anovulatory
cycles (De Souza, Miller & Loucks, et al., 1998; De Souza, et al., 2010). Further research is
warranted on the prevalence of subclinical menstrual disorders across the sport and exercise
spectrum. This will further define the scope of the problem and its associations with the Triad

and RED-S models.

The characteristics of oligomenorrhea are inconsistent making it difficult to study. The
estimated prevalence in the general population without polycystic ovarian syndrome (PCOS)
is less than 18% and between 75% and 85% of females with PCOS (Harris, Babic, Webb &
Nagle, et al., 2018). Within exercising and athletic females no definitive data exist on the
prevalence of oligomenorrhea due to the methodological limitations (i.e., absence of daily
measurements of hormones), variability in definitions used, and the frequent grouping of
oligomenorrhea and amenorrhea presentation (Cobb, et al., 2003; De Souza, 2003; De Souza,
et al., 2010). It has been accepted that exercising and/or athletic females frequently present
with menstrual cycles of irregular length (Loucks & Horvath, 1985). In the De Souza, et al.,
(2010) study, 7% (3/43) of physically active females presented with oligomenorrhea compared
to 0% of sedentary females. The low prevalence reported may be explained by the difficulty
associated with collecting daily urine samples in females with long duration oligomenorrheic
cycles and possibly linked to the exclusion of females with current or past PCOS. In contrast,
studies using self-reported menstrual disturbances observed a prevalence of oligomenorrhea
ranging from 10% to 40% in exercising females (Beals & Manore, 2002; Cobb, et al., 2003;

Nichols, Rauh, Barrack & Barkai, et al., 2007).
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Primary and secondary amenorrhea in female athletes and physically active females is
considered to by hypothalamic in origin with a greater incidence of secondary amenorrhea (De
Souza, 2003; De Souza & Williams, 2004; Gordon, et al., 2017a). It has been estimated that
FHA accounts for 20% to 35% of secondary amenorrhea cases and 3% of primary amenorrhea
(ASRMPC, 2006). Prevalence estimates of secondary amenorrhea in exercising women have
been reported to range from 1% to 66%, exceeding estimates observed in sedentary females
(2%-5%; Drew, 1961; Pettersson, Fires & Nillius, 1973; Feicht, Johnson, Martin & Sparkes, et
al., 1978; Dale, Gerlack & Wilhite, 1979; Singh, 1981; Schwartz, Cumming, Riordan & Selye,
et al., 1981; Sanborn, Martin & Wagner, 1982; Bachmann & Kemmann, 1982; Loucks &
Horvath, 1985; De Souza, et al., 2010; Meczekalski, Katulski, Czyzyk & Podfigurna-Stopa, et
al., 2014; Gordon, et al., 2017a). The majority of these studies used self-reported methods of
detecting menstrual disturbances, varying definitions of amenorrhea and a range of athletic

populations which may explain the variability observed.

In the De Souza, et al., (2010) study, 37% (16/43) of physically active females
presented with secondary amenorrhea by assessment of ovarian steroids in daily urine samples.
In a self-report study by Hoch, et al., (2007), it was observed that 40% of female club triathlon
athletes had a history of primary or secondary amenorrhea. Using a sex hormone assessment
(E2, progesterone, LH, FSH, total testosterone, prolactin, sexual hormone binding globulin,
dehydroepiandrosteron sulfate, and androstendion), 60% (24/40) of elite female endurance
athletes presented with menstrual disturbances: 25% with oligomenorrhea, 17% with primary
amenorrhea, and 58% with secondary amenorrhea (Melin, et al., 2015). Transvaginal
ultrasound was used to diagnose and exclude females presenting with other menstrual
disturbances (i.e., PCOS; Melin, et al., 2015). Menstrual disturbances exist across a range of

sports. Endurance sports and sports emphasising low body mass or leanness have recorded the
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highest incidence of the most severe menstrual disturbances, likely a result of LEA (De Souza

& Williams, 2004).

Mechanisms: The causal role between LEA and menstrual dysfunction in athletes and
physically active females has been well-established but the mechanisms underpinning its
effects are not fully understood (Loucks & Thuma, 2003; Nattiv, et al., 2007; De Souza, et al.,
2014; Mountjoy, et al., 2014; 2018; Gordon, et al., 2017a). Regulation of the reproductive axis
is centred on the gonadotropin-releasing hormone (GnRH; Tsutsumi & Webster, 2009). The
release of GnRH from the hypothalamus includes both pulse and surge phases, which are
regulated independently (Maeda, Ohkura, Uenoyama & Wakabayashi, et al., 2010). The
anterior pituitary gonadotrope is the primary target of hypothalamic GnRH. Its pulsatile
secretion determines the synthesis and secretion of the gonadotropins FSH and LH. FSH and
LH regulate endocrine function and gonadal development (Conn & Crowley, 1994; Kaiser, et
al., 1997). Current evidence has demonstrated alterations in the pulsatile release of GnRH are
associated with LEA, which in turn results in alterations in FSH and LH pulsatility and
decreased progesterone and E> levels. It is these LEA-associated disruptions to LH pulsatility,
as a mechanism to conserve energy, that lead to disturbances in menstrual function in female
athletes and/or exercisers (Curry, Logan, Ackerman & Mclnnis, et al., 2015; Gordon, et al.,
2017a). A schematic representation of the hypothalamic-pituitary-gonadal (HPG) axis is
presented in figure 2.7. Although there is a causal link between LEA and impairments to
menstrual function, the duration and severity of reductions in EA required to cause such

impairments are unclear.

Early work by Loucks and Heath (1994) examined dietary restriction on LH pulsatility
in seven, sedentary, regularly menstruating females over two menstrual cycles. Five-day
dietary El was set at either 45 kcal-kgLBM™-day? (balanced) or 10 kcal-kgLBM*-day*
(restricted) during the follicular phase of the menstrual cycle, whilst maintaining normal
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sedentary habits. LH pulse frequency was significantly reduced (23%), especially during
waking hours, and LH pulse amplitude significantly increased (40%), especially during sleep,
in the restricted EA condition by the fifth day. The addition of an exercise treatment group (30
kcal-kgLBM™-day™ of exercise) to both EA conditions in a follow-up study revealed similar
LH pulse frequency and LH pulse amplitude findings in the restricted EA condition. New
findings revealed no changes in LH pulsatility in the balanced EA condition which suggested
EA was the cause of changes in LH pulsatility and not the stress of exercise (Loucks, Verdun

& Heath, 1998).

The introduction of a specific EA threshold below which LH pulsatility is affected was
established in subsequent work by Loucks and Thuma (2003). Twenty-nine, habitually
sedentary, regularly menstruating females were examined for five days during the follicular
phase. It was found LH pulsatility was not disrupted during EA conditions of 45 or 30
kcal-kgLBM™-day! while undertaking controlled exercise set at 15 kcal-kgLBM™-day™.
However, during EA conditions of 10 and 20 kcal-kgLBM-*-day* disruption in LH pulsatility
were evident, suggesting a threshold <30 kcal-kgLBM-day* at which significant impairments
to menstrual function are observed. Important to note, only LH pulsatility was assessed as a
marker of menstrual function and did not include assessment of ovarian hormonal
characteristics or menstrual cycle length and the duration of assessment was short-term (5

days).

Although this concept of an absolute EA threshold of 30 kcal-kgLBM™-day™* has been
frequently cited in the Triad and RED-S supporting literature (Nattiv, et al., 2007; Mountjoy,
et al., 2014; 2018) it has been met with contrasting findings (De Souza, et al., 2019). For
instance, a cross-sectional study analysed EA in ninety-one exercising females who were
categorised by menstrual status (amenorrheic, oligomenorrheic, ovulatory eumenorrheic,
inconsistent subclinical menstrual dysfunction eumenorrheic, and anovulatory eumenorrheic;
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Reed, De Souza, Mallinson & Scheid, et al., 2015). Across all groups mean EA was >30
kcal-kgLBM™-day and EA could not differentiate ovulatory cycles from subclinical
menstrual disturbances. However, EA was able to differentiate amenorrhea (31 kcal-kgLBM-
L.day?) from eumenorrhea (37 kcal-kgLBM™-day™; Reed, et al., 2015). Further work by
Lieberman, et al., (2018) and Williams, et al., (2015) used a randomised control trial to assess
EA over several menstrual cycles in untrained, previously eumenorrheic females by
manipulating EI and EEE. These studies did not evidence an absolute EA threshold below
which menstrual disturbances occur but did report linear increases in menstrual disturbances
as EA decreased. It has been proposed that a dose response continuum exists between EA and
menstrual function and more studies are needed to further elucidate this concept (De Souza, et
al., 2019). It is also possible that there is individual variability when it comes to the use of EA

thresholds and there is no ‘one size fits all’ (Loucks & Thuma, 2003; Loucks, 2007).

The exact signals and pathways of how LEA disrupts the HPG axis in female athletes
and/or exercisers are complex and not fully understood. LEA causes a hypometabolic state
which has been characterised by alterations in the secretion of insulin, cortisol, kisspeptin,
insulin-like growth factor-1 (IGF-1), thyroid hormones, such as triiodothyronine (T3) and
thyroxine (T4), and appetite-regulating hormones, such as ghrelin, leptin, and peptide YY
(Gordon, et al., 2017a; Elliot-Sale, Tenforde, Parziale & Holtzman, et al., 2018 — see figure
2.8). Although currently unclear, it is believed such neuroendocrine factors likely signal
nutritional status to the hypothalamus (Scheid & De Souza, 2010; Gordon, et al., 2017a). It is
clear that short and long-term LEA impairs the HPG axis, reflected as disturbed LH pulsatility
which leads to impaired menstrual function. Prolonged sub-clinical and clinical menstrual
disturbances may have negative implications for the health and performance of female athletes

and/or exercisers (De Souza, et al., 2014; Mountjoy, et al., 2014; 2018).

53



Hypothalamus

R‘. Ovanes +_ /

Bons mass Eone tumover

Figure 2.7. Schematic representation of the hypothalamic-pituitary-gonadal axis and low
energy availability. + positive feedback; - negative feedback; EA, energy availability; Ea.
Oestrogen, GnRH, gonadotropin-releasing hormone; LH, luteinising hormone; FSH, follicle
stimulating hormone; P4, progesterone. Alterations in any of the hormones within the HPG axis
(with or without LEA) alters other bone-active hormones (i.e., FSH, E>) in the whole feedback

loop of the axis, leading to changes in bone mass and bone turnover.
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2.3.3.2 Energy availability and bone

The beneficial effects of regular, weight-bearing exercise in improved bone health
outcomes across the lifespan are well-established (Bailey & Brooke-Wavell, 2008; Boreham
& McKay, 2011; Scofield & Hecht, 2012; Weaver, Gordon, Janz & Kalkwarf, et al., 2016).
Peak bone mass (PBM) is defined as a combined measure of maximal bone size and mineral
density present at the end of skeletal maturation (Matkovic, Jelic & Wardlaw, et al., 1994). It
is during adolescence and young adulthood that these benefits of exercise to bone mass are
maximised. In females, up to 90% of PBM is acquired by the age of 18-20 years and gains in
BMD continuing, after the cessation of bone growth, into the third decade (Recker, Davies,
Hinders & Heaney, et al., 1992; Bailey, McKay & Mirwald, et al., 1999; Bonjour & Rizzoli,
2001; Whiting, Vatanparast, Baxter-Jones & Faulkner, et al., 2004; Bailey & Brooke-Wavell,
2008). Bone mass accrual during adolescence and young adulthood and bone loss are the
predominant factors in determining bone health (i.e., risk of fragility and osteoporosis) later in
life. Accrual of a higher PBM is thought to provide protection when BMD inevitably declines
due to aging, menopause, or other chronic disease-related causes in adulthood (Baxter-Jones,

Faulkner & Forwood, et al., 2011).

PBM is largely pre-determined by genetics (60%-80%) but other factors such as the
environment, hormones, nutrition, and mechanical loading also contribute (Havill, Mahaney,
Binkley & Specker, 2007; Boudin & Van Hul, 2017; Gordon, Zemel, Wren & Leonard, et al.,
2017b). Although exercise-induced gains to PBM are maximised during adolescence and
young adulthood, this is considered a vulnerable time for the development of inadequate
nutrition  (including calcium deficiencies), DE/ED, menstrual dysfunction, and
hypoestrogenism (Goolsby & Boniquit, 2017). Also, the positive effect of weight-bearing
exercise on BMD is typically not replicated in sports such as swimming, cycling, distance
running, ballet dancers and jockeys. Individuals from these sports typically present with lower

55



BMD than their counterparts in weight-bearing sports or controls (Schofield & Hecht, 2012;
Dolan, McGoldrick, Davenport & Kelleher, et al., 2012; Wilson, Hill, Sale & Morton, et al.,
2015; Amorim, Koutedakis, Nevill & Wyon, et al., 2017; Wewege & Ward, 2018). Such sports
are often characterised as non-weight bearing, endurance based and/or have a higher risk of

LEA (Sale & Elliot-Sale, 2019).

Early work in the 1980s and early 1990s first recognised the potential relationship
between an athletes’ menstrual status and their bone health. Drinkwater, et al., (1984) examined
bone mineral content and density on four separate occasions, separated by seven days, in 14
amenorrheic and 14 eumenorrheic runners. It was found that lumbar BMD was significantly
lower in amenorrheic athletes (mean, 1.12g/cm?) compared to eumenorrheic athletes (mean,
1.30g/cm?). In a follow-up study, BMD was examined over a 15.5-month period in athletes
who regained menses from weight gain and reduced training, remained amenorrheic, and those
with regular cycles. There were significant changes in lumbar BMD in amenorrheic athletes
who resumed menses (+6.3%), but not for cyclic athletes (-0.3%), and a loss of -3.4% in BMD

was observed in amenorrheic athletes (Drinkwater, Nilson, Ott & Chestnut, 1986).

Subsequent work recognised that an athletes’ BMD reflects both current menstrual
status and one’s history of exercise-associated menstrual disturbances. It was also identified
that resumption of menses may not fully restore BMD. Drinkwater, et al., (1990) found lumbar
BMD was significantly related to menstrual patterns with BMD lower in athletes with a history
of oligomenorrhea/amenorrhea (1.18g/cm?) than those with a history of regular cycles
(1.27g/cm?). Athletes who had never had regular cycles reported the lowest lumbar BMD at
1.05g/cm?. After two and eight years, it was observed athletes and dancers with a history of
amenorrhea had significantly lower BMD compared to controls and their eumenorrheic
counterparts (Jonnavithula, Warren, Fox & Lazaro, 1993; Keen & Drinkwater, 1997).
Additionally, menstrual dysfunction has been related to higher prevalence’s of stress reactions
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and fracture independent of training volume (Warren, Brooks-Gunn, Hamilton & Warren, et
al., 1986; Barrow & Saha, 1988; Myburgh, Hutchins, Fataar & Hough, et al., 1990; Bennell,
Malcom, Thomas & Reid, et al., 1996; Duckham, Peirce, Meyer & Summers, et al., 2012;
Ackerman, Cano Sokoloff & De Nardo Maffazioli, et al., 2015; Neidel, Wolfram, Hotfiel &

Engelhardt, et al., 2019).

As such, both the Triad and RED-S models have acknowledged the interplay between
EA and menstrual function on bone health in female athletes and/or exercisers (Nattiv, et al.,
2007; De Souza, et al., 2014; Mountjoy, et al., 2014; 2018). The Triad model proposes that
bone health exists upon a continuum from optimal bone health (i.e., BMD equal to or above
average) to the clinical endpoint of osteoporosis (Nattiv, et al., 2007 — see figure 2.3). Along
this continuum female athletes and/or exercisers may experience problems with achieving
PBM, low areal and volumetric BMD, reduced bone strength, impaired bone geometry, and
increased stress reactions and/or fractures (Drinkwater, et al., 1984; Ackerman, Nazem &
Chapko, et al., 2011; Ackerman, Putman & Guereca, et al., 2012; Barrack, Gibbs & De Souza,

et al., 2014; Mallinson, Williams & Gibbs, et al., 2016).

BMD in at risk females is typically assessed using DXA scanning, as recommended by
the ACSM (Nattiv, et al., 2007). Low BMD is defined as Z scores of -1.0 to -2.0 together with
a history of secondary clinical risk factors for fracture and osteoporosis is defined as Z scores
<2.0 with secondary clinical risk factors for fracture (figure 2.8). Secondary clinical risk factors
include stress fractures, hypoestrogenism, and nutritional deficiencies (ISCD, 2004; Khan,
Bachrach & Brown, et al., 2004; Khan, Hanley & Bilezikian, et al., 2006; Nattiv, et al., 2007).
It remains unclear if the use of DXA Z scores in estimating athletes bone health is appropriate.
As Z scores use non-athletes of the same age and sex as a reference range and many athletes
are considered smaller or larger than the average individual (Sale & Elliot-Sale, 2019). A
review of the individual and combined components of Triad found the prevalence of low BMD
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in exercising women ranged from 0% to 40% (Z score -1.0 to -2.0) and osteoporosis ranged
from 0% to 15% (Z score <2.0; Gibbs, et al., 2013). Bone metabolic markers (i.e., procollagen
type 1 amino-terminal propeptide (PINP), N-terminal telopeptide (NTx), and C-telopeptide
(CTx) can be used to examine the rate of bone formation and resorption (De Souza, Koltun,
Etter & Southmayd, 2017). However, there is no gold standard bone metabolic marker and
there has been a call for the adoption of international reference standards for bone formation
and resorption markers to facilitate their use in clinical practice (Vasikaran, Cooper, Eastell &

Griesmacher, et al., 2011). In practice this may not be easily achieved.

Ihle and Loucks (2004) were one of the first to directly examine the dose-response
relationship of EA on bone metabolism in 29 regularly menstruating, habitually sedentary,
young women. Using both dietary manipulation and exercise, bone metabolic markers were
assessed for five days during the early follicular phase of two cycles separated by two months
of a balanced EA (45 kcal-kgLBM™-day?) compared to three levels of LEA (10, 20 and 30
kcal-kgLBM™-day?). NTx concentrations (bone resorption) were only increased at 10
kcal-kgLBM™-day* and were inversely related to oestradiol. All levels of LEA reported a
reduction of total osteocalcin and carboxy-terminal propeptide of type 1 procollagen (P1CP;
bone formation) levels. A linear relationship was detected between changes in P1CP and
insulin, and between total osteocalcin and T3 and IGF-1 concentrations. Importantly this study
raised awareness of the potential relationship between LEA and bone metabolism. However,
some of the bone metabolism markers (i.e., osteocalcin or P1CP) used are not considered
optimal in their use today due to inadequate quality control, limited data for comparison and,
limited understanding of their biological variability (Vasikaran, et al., 2011; Sale & Elliot-Sale,
2019). It is currently recommended that one marker for bone resorption (i.e., CTx) and bone
formation (i.e., PLNP) be measured using standardised assays and used as reference markers

(Vasikaran, et al., 2011).

58



The independent and combined effects of energy status (deficient or replete) and E:
status (deficient or replete) on bone metabolism was assessed in 44 exercising women (De
Souza, West, Jamal & Hawker, et al., 2008). The most severe metabolic impairments were
evident in the energy and Ex-deificient group who had the lowest levels of PLNP and T3 and
the highest levels of ghrelin and urinary CTx. Energy deficient groups presented with
suppressed levels of osteocalcin and T3 and Ez-deficient groups had suppressant lumbar BMD
and estrone glucuronides. Leptin was a significant predictor of bone formation but not
resorption. The importance of maintaining balanced EA was noted as regardless of E; status
impairments to bone metabolism were not evident in the energy replete group. In contrast, the
group with both energy and E: deficiencies was associated with bone loss. More recently, the
effects of reduced EA (15 kcal-kgLBM-day*) on bone metabolism was assessed over a 5-day
period. It was found that bone formation was significantly lower (P1NP), and bone resorption
was significantly higher (B-CTX) and associated with decreased insulin and leptin levels, in
women when in a state of reduced EA. Thus, highlighting the importance of EA for bone health

(Papageorgiou, Elliot-Sale, Parsons & Tang, et al., 2017).

The aetiology of impaired bone health in female athletes and/or exercisers relates to
both E2-dependent and Ez-independent mechanisms (figure 2.8). The E2-dependent mechanism
is secondary to hypoestrogenism (E> deficiency) associated with secondary amenorrhea (De
Souza, et al., 2017). Bone mass and structure are maintained when the rate of bone resorption
by osteoclasts and formation by osteoblasts are coupled (Delaisse, 2014). Chronic
hypoestrogenism causes an imbalance in favour of osteoclasts which promotes reduced bone
mass and impaired bone structure by stimulating the multi-complex process of
osteoclastogenesis (Weitzman & Pacifici, 2006; Vasikaran, 2008; De Souza, et al., 2017). The
E>-independent mechanism is considered energy dependent as it relates to the hypometabolic

state caused by LEA (lhle & Loucks, 2004; De Souza, et al., 2008; Mallinson, Williams, Hill
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& De Souza, 2013; Southmayard, Mallinson & Williams, et al., 2016). Hormones that regulate
bone formation such as, T3 (stimulate osteoblast proliferation and differentiation), IGF-1
(stimulates osteoblastogenesis), and leptin (osteoblast proliferation and modulates hormones
such as cortisol and IGF-1) are all suppressed in a state of LEA, particularly in amenorrheic
athletes (Cornish, Callon, Bava & Lin, 2002; Combs, Nicholls, Duncan & Bassett, et al., 2011;
Guntur & Rosen, 2013). Thus, bone metabolism may be impaired as a result of the
hypometabolic state caused by LEA. Overall, it is the suppression of the HPG axis (figure 2.7)
caused by either Eo-dependent (i.e., E2 deficiency) or Ez-independent (i.e., suppression of T3,
IGF-1, leptin) mechanisms, as a result of LEA, that may lead to negative perturbations to bone
(Goolsby & Boniquit, 2017; De Souza, et al., 2017). To date, it remains unclear if it is the
magnitude of LEA or the time-course of LEA that negatively influences bone health. The Triad
and RED-S models have recognised LEA and menstrual function can independently or
synergistically impair bone health, with the most significant impairments observed in females
who are both E> and energy deficient (Nattiv, et al., 2007; De Souza, et al., 2014; Mountjoy, et

al., 2014; 2018).

2.3.4 LEA prevalence research

Both the Triad position stand and 10C consensus statement have highlighted the
importance of identifying the prevalence of LEA and further elucidate the associated
consequences on health and performance. This will enable further understanding of the scope
of the problem across all athletic populations and help focus support to at-risk groups (Nattiv,
et al., 2007; De Souza, et al., 2014; Mountjoy, et al., 2014; 2018). Table 2.2 summarises the
prevalence of LEA across various sports in female athletes and/or exercisers using either direct
measures of EA or self-report screening tools (i.e., LEAF-Q). Females participating in sports
that emphasise leanness or low body mass (figure 2.9), particularly aesthetic and endurance
sports, are more likely to be at risk of LEA and subsequently Triad or RED-S (Nattiv, et al.,
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2007; De Souza, et al., 2014; Mountjoy, et al., 2014; 2018; Logue, et al., 2018; 2020). However,

the risk of LEA is not limited to females participating in leanness sports or those participating

at the elite level.
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Figure 2.8. Changes in metabolism, reproductive hormones, and bone mineral density
evident across the health continuum by De Souza, Koltun, Etter & Southmayd, (2017, p.
578). CTx, C-telopeptide; FSH, follicle stimulating hormone; IGF-1, insulin like-growth factor
1; LH, luteinising hormone; NTx, N-terminal telopeptide; PLNP, procollagen type 1 amino-
terminal propeptide; PYY, peptide YY; REE, resting energy expenditure; T3, total

trilodothyronine.
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Recent studies have investigated the prevalence of LEA in females across an array of
sports including dancers (Hoch, et al., 2011), rhythmic gymnasts (Silva, et al., 2015), soccer
players (Reed, et al., 2013; Moss, et al., 2020), volleyball players (Woodruff & Meloche, 2013),
sprinters and jumpers (Sygo, et al., 2018), endurance athletes (Folscher, et al., 2015; Melin, et
al., 2015; 2016; Muia, et al., 2016; Heikura, et al., 2018a; Jesus, et al., 2021), and those
combining various sports (Hoch, et al., 2009; Koehler, et al., 2013; Logue, et al., 2019). Such
studies have also included groups of athletes from various performance levels including
recreational exercisers (Slater, et al., 2016; Black, et al., 2017), active females (Logue, et al.,
2019), collegiate athletes (Hoch, et al., 2009; Reed, et al., 2013; Woodruff & Meloche, 2013),
competitive athletes (Folscher, et al., 2015), and elite, national, or professional athletes (Hoch,
etal., 2011; Koehler, etal., 2013; Melin, et al., 2015; 2016; Sygo, et al., 2018). LEA prevalence

ranges across all studies identified in table 2.2 range from 6% to 80%.

To date no studies have investigated the prevalence of LEA in females participating in
multi-sport endurance events (e.g., triathlon or duathlon). This is despite leanness sports,
particularly endurance sports, being identified as having a greater risk of LEA and prevalence
rates ranging from 18% to 80% (table 2.2). The variability in EA methods used (see chapter
2.3.1.3), variability in the sports, performance level, and athletes examined, and the often-small
sample sizes recruited (range: 4 to 833 — see table 2.2) have contributed to the consistent, low-
quality evidence in available studies. For that reason, it has been advised that further work is
required to better understand the prevalence of LEA across all sports, performance levels and

athletes (i.e., age groups; Mountjoy, et al., 2014; 2018; Logue, et al., 2018; 2020).

62



Endurance:

Distance running
Cycling
Triathlon

Nordic Skiing
Swimming

~

.

Weight-class:

Horse racing
Lightweight rowing
Wrestling

Boxing

Judo

J

Leanness Sports
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Aesthetic:

= Dance/Ballet

=  Gymnastics
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= Swimming
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~
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swimming

)

Figure 2.9. Examples of sports emphasising leanness or low body mass.

The Triad and RED-S models have outlined that DE or ED place athletes and/or
exercisers at greater risk of developing LEA (Nattiv, et al., 2007; De Souza, et al., 2014;
Mountjoy, et al., 2014; 2018). DE and ED in females have been associated with exercise
dependence (EXD; also called exercise addiction and compulsive exercise behaviour;
Bratland-Sanda, Martinsen & Rosenvinge, et al., 2011; Muller, Loeber, Sochtig, et al., 2015;
Cook, Wonderlich & Mitchell, et al., 2016). More recently, it has been suggested that athletes
with EXD, with or without DE/ED, may also be at greater risk of developing LEA if El is not
matched to such an extreme exercise commitment (Turton, Goodwin & Meyer, 2017).
However, to date there is insufficient data available to substantiate this potential association

across sports, performance levels or athletes. It is particularly unclear how prevalent EXD is in



female athletes and females participating in multi-sport endurance events like triathlon. As this
thesis focuses on the prevalence of DE/ED and EXD in relation to LEA rather than as individual
constructs, the following section will provide an overview of DE/ED and EXD

pathophysiology, assessment methods and prevalence literature.

2.4.1 Disordered eating behaviour

2.4.1.1 Disordered eating spectrum

Eating behaviours exist upon a spectrum that can progress from optimised nutrition to
DE behaviour and ending with overt clinical ED. Movement along the spectrum is considered
bi-directional, however, recovery from clinical ED is complex with greater risk of relapse
(American Psychiatric Association, 2013). Optimised nutrition has been characterised as
individualised nutritional practices that balance health and performance and are considered to
be safe, supported, and purposeful (American Psychiatric Association, 2013). Typically, the
spectrum of eating behaviour starts with voluntary, healthy dieting evidenced by a reduction in
El and a gradual reduction in body mass. It then progresses to DE behaviour when an individual
regularly engages in chronic dieting with the use of more extreme weight-control behaviours,
increased pathological eating, body image issues, and frequent weight fluctuations (Sundgot-
Borgen & Torstveit, 2010; Joy, Kussman & Nattiv, 2016; Wells, Jeacocke, Appaneal & Smith,
et al., 2020). These more extreme weight-control behaviours may include restrictive diets (i.e.,
skipping meals, total energy and/or nutrient restriction), fasting, regurgitation and eat and spit,
binge eating, active (e.g., exercise with sweat suits) and passive (e.g., sauna) dehydration, use
of laxatives, diet pills, and diuretics, with or without compulsive exercise training (Nattiv, et
al., 2007; Sundgot-Borgen, Meyer, & Lohman, et al., 2013; Wells, et al., 2020). Although an
individual may engage with such behaviours, they do not occur with regularity and do not fully

meet the criteria for clinical ED (American Psychiatric Association, 2013).
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Clinical ED represents the end of the spectrum and are characterised by the frequent
occurrence of extreme weight-control behaviours, distorted body image, pre-occupation, and
obsession with food, eating, weight and body shape that prevent normal functioning, irrational
fear of weight gain, variable athletic performance, and medical complications (American
Psychiatric Association, 2013; Sundgot-Borgen, et al., 2013). Clinical ED are considered a
clinical mental disorder as defined by the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5; American Psychiatric Association, 2013) and diagnostic classifications
include anorexia nervosa (AN), bulimia nervosa (BN), binge eating disorder (BED), and ED

not otherwise specified (EDNOS; also referred to as other specified feeding and ED (OFSED)).

The most common clinical ED amongst athletes is EDNOS/OFSED, with athletes more
likely to present with DE than clinical ED (Sundgot-Borgen & Torstveit, 2004; Bonci, Bonci
& Granger, et al., 2008; Martinsen & Sundgot-Borgen, 2013; Reardon, Hainline & Aron, et al.,
2019; Wells, et al., 2020). Importantly, athletes who present with DE or ED can be
underweight, normal weight or overweight (Torstveit & Sundgot-Borgen, 2011; Sundgot-
Borgen, et al., 2013). Although the implications to health and performance are greatest in
athletes with clinical ED, the risk exists regardless of placement on the spectrum and increases
as eating behaviour deteriorates. As highlighted by the Triad and RED-S models, LEA can
occur with or without DE and vice versa, therefore identification of one requires the
examination of the other (Nattiv, et al., 2007; Sundgot-Borgen, et al., 2013; De Souza, et al.,

2014; Mountjoy, et al., 2014; 2018; Burke, et al., 2018; Wells, et al., 2020).

2.4.1.2 Aetiology for DE/ED

Studies examining the aetiology for DE behaviours and clinical ED in athletes from all
performance levels (i.e., recreational to elite) are limited in number, focus, and methodological

rigour. Specifically, there are no controlled prospective studies using the gold standard measure
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of diagnostic interviews to assess DE or ED onset in athletes. Thus, it is not fully understood
why some athletes progress from healthy dieting to chronic dieting with the use of extreme
weight-loss methods and pathological eating to clinical ED (Petrie & Greenleaf, 2007; Stice,
South & Shaw, 2012; Sundgot-Borgen, et al., 2013). While many theories have existed,
currently there is general acceptance that the pathogenesis of DE behaviours and clinical ED is
complex and multifactorial (Stice, et al., 2012; Sundgot-Borgen, et al., 2013). One of the main
challenges associated with identifying the specific factors that may trigger or predispose an
athlete to develop DE behaviour or clinical ED is the difficulty in distinguishing those same

factors that are often a result of the impaired eating behaviour (Klein & Walsh, 2004).

To date, these risk factors have included biological, psychological, sociocultural,
gender-based, sport-specific, and other factors outlined in figure 2.10 (Nattiv, et al., 2007;
Bonci, et al., 2008; Stice, et al., 2012; Bratland-Sanda & Sundgot-Borgen, 2013; Sundgot-
Borgen, et al., 2013; Jeacocke & Beals, 2015; Mountjoy, et al., 2018; Ackerman, Holtzman &
Cooper, et al., 2019; Buckley, Hall & Lassemillante, et al., 2019; Wells, et al., 2020). Nattiv,
et al., (2007) has acknowledged these factors can be considered predisposing (i.e., biological,
psychological, and sociocultural), triggers (i.e., trauma or negative body comments), or DE

and/or ED can be maintained by perpetuating factors (i.e., positive reinforcement by coach).

Specifically, the role of sport-specific factors in the development of DE behaviour and
clinical ED in athletes often relay back to a desire to be leaner, thinner, or more muscular in
the quest to enhance performance (Krentz & Warschburger, 2013). A high drive for these
physical attributes may too be combined with psychological factors such as body
dissatisfaction, distorted body image, low self-esteem, and neuroticism (i.e., anxiety,
depression, emotional lability; Beals & Manore, 2000; De Souza, Hontscharuk & Olmsted, et
al., 2007; Joy, et al., 2016). The risk of developing DE behaviour may increase, particularly in
lean sports, when there is direct or perceived pressure from coaches, athletic peers, or the media
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to alter body shape or composition to achieve an ‘ideal’ physique for their sport (Beals &
Manore, 2000; Torstveit & Sundgot-Borgen, 2005; Shanmugam, Jowett, & Meyer, 2014).
Additionally, injury and illness, transition periods (i.e., training phase, retirement, non-
selection, or de-selection, progressing in performance level), performance pressure, increases
in training volume and intensity, weight cycling, group weigh-ins or public display of results,
and modelling DE behaviours from their peers may also increase the risk of DE progressing
along the spectrum (Sundgot-Borgen, 1994; Krentz & Warschburger, 2013; Arthur-Cameselle,
Sossin & Quatromoni, 2017). The role of personality traits such as perfectionism, particularly
in female athletes, competitiveness, pain tolerance, or a need for order and symmetry have also
been identified as potential risk factors (Bardone-Cone, Wonderlich, Frost & Bulik, et al.,

2007; Stirling & Kerr, 2012).

As an individual progress along the DE spectrum the psychological, behavioural,
physiological, and social disturbances observed become more persistent and detrimental to
overall health and recovery (Klein & Walsh, 2004; Joy, et al., 2016). Nevertheless, further
validation work is required to determine a causal relationship between the onset of DE
behaviour in athletes and the proposed risk factors discussed (Arthur-Cameselle, et al., 2017,
Mountjoy, et al., 2018). It also reiterates the requirement for enhanced screening for DE/ED

risk in the athletic population.

2.4.1.3 Health and performance consequences

If DE behaviours or clinical ED are a contributing factor in the development of chronic
LEA in athletes, this may lead to the health and performance consequences associated with
Triad or RED-S (Loucks, et al., 2011; Bratland-Sanda, et al., 2013; Mountjoy, et al., 2014
2018). These have previously been discussed in chapter 2.3.3 and depicted in figure 2.4 and

2.7 of this thesis. Current guidance for sport participation in cases of athletes with known ED
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are to cease all training and competition and in cases of athletes with known DE are to be
cleared for sport participation only with supervised participation and a medical treatment plan

(Mountjoy, et al., 2014; 2018).

Specific health consequences that may arise from DE behaviours include
cardiovascular (i.e., hypotension, bradycardia), endocrine (i.e., menstrual dysfunction,
hypoglycaemia), renal (i.e., dehydration, electrolyte imbalances, oedema), gastrointestinal (i.e.,
constipation, postprandial distress, swollen parotid glands), dermatological and dental (i.e.,
dental and gum problems, hair loss, lanugo hair), psychological and behavioural (i.e., insomnia,
mood swings, poor coping skills), and other problems (i.e., nutritional deficiencies, anaemia,

weight fluctuations; Sundgot-Borgen, et al., 2013; Joy, et al., 2016).

The most severe health consequence associated with clinical ED is death caused by
suicide (~20% in AN and ~23% in BN) or cardiac arrhythmia likely caused by electrolyte
imbalances (Crow, Peterson & Swanson, et al., 2009; Arcelus, Mitchell & Wales, et al., 2011;
American Psychiatric Association, 2013). Smith, et al., (2013) observed a strong association
between suicidal behaviour and compulsive exercise (usually observed in athletes) as the DE
behaviour in individuals with clinical ED. Performance consequences that may arise from DE
behaviours often relate to reductions in training quality and consistency, a greater risk of injury
and illness, and an overall reduction in sports performance (Mountjoy, et al., 2014; 2018).
There is also evidence to suggest that athletes who weight cycle may also experience impaired
performance resulting from nausea, headaches, hot flushes, dizziness, and nosebleeds
(Sundgot-Borgen & Garthe, 2011; Sundgot-Borgen, et al., 2013). Athletes presenting with
severe cases of clinical ED (AN or BN) should not be involved in sport participation (De Souza,

etal., 2014).
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Impairments to health and performance are dependent on several factors including the
duration of the ED, age, amount and rate of weight loss, frequency of weight fluctuation and
health and body composition before weight loss (Joy, et al., 2016). However, the more severe
clinical ED and impairments are often observed in individuals presenting with more than one
pathogenic DE behaviour (Joy, et al., 2016). Further work is required across athletic groups as
to date no studies have examined the health and performance consequences (acute and chronic)

in athletes with DE behaviour or clinical ED.
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Figure 2.10. Suggested risk factors of disordered eating (DE) and eating disorder (ED)

in athletes, adapted from Bratland-Sanda & Sundgot-Borgen, (2013, p. 503) and Wells,

etal., (2020, p. 1251
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Table 2.4. Estimated prevalence of disordered eating in female athletes in various sport groups and controls.

Author Population Age (years) DE/ED measurement Prevalence
Beals et al, (2006) 112 female collegiate Mean: 19.5+ 1.2 EDE-Q + EDI DE: 25%
athletes (various sports) symptoms checklist
Byrne et al, (2002) 155 elite females + 108 Range: 15— 36 Composite International ED:

elite male athletes
(various sports) + 263

controls

Diagnostic Interview

Female athletes: 22%

Female controls: 6%

Male athletes: 4%

Male controls: 0%

Folscher et al, (2015)

306 female competitive

ultra-endurance runners

Mean: 39.5+ 8.0

Female Athlete

Screening Tool

Subclinical DE: 27%

Clinical ED: 5%

Greenleaf et al, (2009)

204 female NCAA
Division | college

athletes (various sports)

Mean: 20.2 + 1.3

Questionnaire for ED
Diagnosis + 36-item

Bulimia Test-Revised

ED: 2% (EDNOS)

Symptomatic: 26%
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Hauck et al, (2020) 1022 amateur endurance Range: 18 — 78 Eating Disorder At risk of ED:
athletes (450 male + 572 Mean: 36.4 + 19 Diagnostic Scale Total: 7%
female)
Hoch et al, (2009) 80 female varsity Athletes mean: 16.5+ 1.0 EAT-26 At risk of DE:
athletes (various sports) Athletes: 4% / Non-athletes: 6%
+ 80 non-athlete
controls
Hulley et al, (2001) 181 elite female distance Mean: 28.5+ 0.5 EDE-Q ED: 16%
runners AN: 13%, BN: 4% & EDNOS: 36%
Johnson et al, (1999) 562 females + 883 male Mean: 19.9 EDI-2 body Clinical ED (AN/BN):

collegiate athletes

(various sports)

dissatisfaction, drive for

thinness & bulimia

Females: 0%/1%
Males: 0%/0%
Subclinical ED (AN/BN):
Females: 3%/9%
Males: 0%/0%

At risk ED (AN/BN):

Females: 35%/38% & Males: 10%/38%
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Kong et al, (2015)

320 female athletes of

varying levels and sports

Range: 17— 30

Mean: 21.7 + 3.5

EAT-26

At risk of DE/ED:
Total: 23%
Leanness sports: 35%

Non-leanness sports: 9%

Martinsen et al, (2010)

606 elite high school
athletes (various sports -
F: 217 & M: 389) and
355 age-matched
controls (F: 158 & M:

197)

Range: 15— 16

EDI-2 drive for thinness
& body dissatisfaction,
BMI, current and/or
previous attempts (>3)
to lose weight, use of
pathogenic weight
control methods & MD

(self-report)

Symptoms of ED:
Athletes (F: 45% & M: 13%)

Controls (F: 71% & M: 31%)

Melin et al, (2015)

40 female competitive
and elite weight-bearing

endurance athletes

Mean: 26.3 +5.7

EDE-16 + EDI-3

Clinical ED: 25%
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Meng et al, (2020) 52 elite and 114 Mean: 20 EDI-3 ED risk:

recreational female Elite: 52%
aesthetic sport athletes Recreational: 60%
Mongrain et al, (2018) 162 non-elite multisport Mean: 38.0 + 11.7 EAT-26 At risk of ED:
endurance athletes Total: 6%
(female: 48 / male: 114) Winter Triathlon: 2%

Ironman 70.3: 9%

Ironman: 0%

Muia et al, (2016) 61 elite middle-and-long Range: 16 — 17 EDI-3 + Three Factor Subclinical DE:
distance adolescent Eating Questionnaire Athletes: 75%
runners + 49 non- Non-athletes: 71%
athletes Clinical DE:

Athletes: 5%

Non-athletes: 10%

Muros et al, (2020) 401 female and 3636 Mean: 36.1 + 9.3 SCOFF questionnaire At risk of ED:
male cyclists and (sick, control, one stone, Male: 1% / Female: 23% / Cyclists: 20% /
triathletes fat and food) Triathletes: 16%
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Nichols et al, (2006) 170 female high school Range: 13 - 18 EDE-Q DE: 18%
athletes (various sports) Mean: 15.7 + 1.3
Nichols et al, (2007) 423 female high school Range: 13 - 18 EDE-Q DE:
athletes from leanness Mean: 15.7 + 1.7 Total: 20%
(146) and non-leanness Leanness sports: 19%
sports (277) Non-leanness sports: 21%
Pernick et al, (2006) 453 female high school Range: 13 -18 EDE-Q DE:20%

athletes (various sports)

Mean: 15.7 + 1.2

African Americans: 19%

Caucasians: 18%

Latinas: 23%

Pettersen et al, (2016)

225 female adolescent
cross-country skiers and

biathletes

Competitive age groups: 17,

18 and 19+ years

EDI-2 drive for thinness

and body dissatisfaction

At risk of DE:

Total: 19%

Cross-country skiing: 15%

Biathlon: 22%

Both sports: 24%
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Quah et al, (2009) 67 elite female athletes Range: 13 -30 EDI-2 body At risk of ED:
(various sports) dissatisfaction, drive for Leanness sports (n=30): 89%
thinness, bulimia & Non-leanness sports (n=37): 89%
perfectionism subscales
Rosendahl et al, 576 high school elite Range: 14 — 18 EAT-26 Females at risk of DE:

(2009)

athletes (various sports —
F: 210 & M: 366) and
291 non-athlete controls

(F: 169 & M: 122)

Athletes: 26.7%

Controls: 36.1%

Males at risk of DE:

Athletes: 10.4%

Controls: 12.3%

Rousselet et al, (2017)

340 high level athletes
(leanness and non-
leanness sports)

Male: 213 / Female: 127

Mean: 16.8 + 3.5

DSM-IV criteria + EDI DE detected:

33% of all athletes — 47% of those athletes

were female and 50% from leanness
sports.

No DE detected:

67% of all athletes — 33% were female and

31% from leanness sports
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Schaal et al, (2011b)

2067 adolescent and
adult elite athletes

(various sports)

Range: 12 - 35 Psychological
Mean: 18.5+ 4.9 consultation using

DSM-1V for AN, BN &

Current ED (< 6 months):
At-least 1 ED — F: 7%, M: 4%, all: 5%

AN & BN —<1% across all groups

F: 728 / M: 1339 EDNOS EDNOS - F: 6%, M: 4%, all: 4%
Lifetime ED:
At-least 1 ED — F: 11%, M: 6%, all: 8%
AN: 2% & BN: 3% all groups
EDNOS — F: 9%, M: 5%, all: 6%
Schtyscherbynaetal, 78 adolescent elite Range: 11 -19 EAT-26 + Bulimic At risk of DE by one of the tests: 45%
(2009) swimmers Mean: 14.6 £ 2.0 Investigatory Test EAT-26: 7.7%
Edinburgh (BITE) + BITE: 22%
Body Shape BSQ: 37%
Questionnaire (BSQ)
Sundgot-Borgen etal, 133 elite female athletes Range: 12 - 35 Diagnostic survey for ED:

(1993)

(various sports) + 60

controls

ED based on DSM-I111 —

structured clinical

interview

Athletes: 18%

Controls: 5%
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Sundgot-Borgenetal, 572 elite females + 687 Range 15 -39 EDE structured clinical ED:

(2004) elite male athletes Athletes & Controls (F) interview Female athletes: 20%
(various sports) + 574 mean: 214 +4.6 & 24.7 Female endurance athletes (n=102): 24%
females + 629 male 6.5. Female controls: 9%
controls Athletes & Controls (M) Male athletes: 8%
mean: 23.2+4.9& 252+ Male endurance athletes (n=149): 9%
6.2 Male controls: 1%
Thein-Nissenbaum et 311 female high school Mean: 154 + 1.2 EDE-Q (self-report) DE:
al, (2011) athletes (various sports) Total: 35.4%
Aesthetic sports: n=41 Aesthetic Sports: 41.5%
Endurance: n=89 Endurance Sports: 37.1%
Team/Anaerobic: n=181 Team/Anaerobic Sports: 33.1%
Toro et al, (2005) 283 elite female athletes Mean: 15.3+ 3.1 EAT + Eating Disorders EAT: 11%
(various sports) Evaluation ED Evaluation Questionnaire AN: 3%
Questionnaire ED Evaluation Questionnaire BN: 20%
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Torstveit et al, (2008)

186 elite female athletes
(various sports) + 145

controls

Range: 13 -39
Mean athletes: 22.2 + 5.8

Mean controls: 29.6 £+ 7.9

Eating Disorder
Examination (EDE)
structured interview for
clinical ED + EDI-2
drive for thinness &

body dissatisfaction for

Total clinical ED:

Athletes: 33%

Controls: 21%

1+ of the five indicators of DE:

Athletes: 46%

Controls: 52%

DE Leanness sports: 49%
Non-leanness sports: 44%
Vardar et al, (2007) 240 competitive female Range: 15 -25 EAT-40 DE: 17%
athletes (various sports) Mean: 19 + 2

AN, anorexia nervosa; BMI, body mass index; BN, bulimia nervosa; DE, disordered eating; DSM-III, diagnostic and statistical manual of mental disorder,
third edition; DSM-IV, diagnostic and statistical manual of mental disorder, fourth edition; ED, eating disorder; EDE-Q, eating disorder examination
guestionnaire; EDI, eating disorder inventory; EDNQOS, eating disorder not otherwise specified; MD, menstrual dysfunction; F, female; M, male.
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2.4.1.4 Assessment of disordered eating behaviour

The importance of prevention, early detection and treatment of DE behaviour and
clinical ED in athletes have been widely acknowledged in published position stands by several
sports medicine organisations (including 10C, ACSM, Australian Institute of Sport, and the
National Athletic Trainer Association; Sherman & Thompson, 2006; Nattiv, et al., 2007; Bonci,
et al., 2008; De Souza, et al., 2014; Mountjoy, et al., 2014; 2018; Wells, et al., 2020). This is
irrespective of the presence of Triad or RED-S as clinical ED have one of the highest mortality
rates (crude mortality ~5% per decade) among all mental health conditions (Harris &
Barraclough, 1998; American Psychiatric Association, 2013; Chesney, Goodwin & Fazel,
2014; Mehler & Brown, 2015). There is universal agreement that an individual’s prognosis and
recovery improve with the early detection and treatment of DE behaviour (Nattiv, et al., 2007,
Bonci, et al., 2008; Ozier & Henry, 2011; Bratland-Sanda, et al., 2013; Chesney, et al., 2014;

Mountjoy, et al., 2018; Wells, et al., 2020).

Although predominantly targeted at elite athletes, the current recommendation for the
assessment of DE behaviour in athletes comprises of a self-report screening tool and
subsequent clinical interview for diagnostic purposes using sport-specific resources where
available (Bonci, et al., 2008; Reardon, et al., 2019). A range of standardised, self-report
screening tools and questionnaires designed and validated to assess DE behaviour in the general
population exist. These resources are frequently utilised in the assessment of DE in athletes as
shown in table 2.4. The current gold standard measure for diagnosing overt, clinical ED in the
general population is the Eating Disorder Examination 17.0 (EDE 17.0). This includes the 36-
item EDE questionnaire (EDE-Q) and a semi-structured, clinical interview conducted by a
specialised clinician (Fairburn, Cooper & O’Connor, 2014). More accessible screening tools
validated in the general population often used include the Eating Disorder Inventory (EDI;
developed to characterise the psychological characteristics of anorexia and bulimia; Garner,
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Olmsted, & Polivy, 1983; Garner, 1991; Garner, 2004), the Three Factor Eating Questionnaire
(TFEQ; measuring dietary restraint, disinhibition, and hunger; Stunkard & Messick, 1985), the
Eating Attitudes Test (EAT; Garner, Olmsted, Bohr & Garfinkel, 1982), and the SCOFF
Questionnaire (Morgan, Reid & Lacey, 2000). Importantly, these screening tools and
questionnaires have demonstrated suboptimal psychometric properties in athletes despite their
widespread use and may lead to inaccurate diagnosis (Bonci, et al., 2008; Pope, Gao, Bolter &

Pritchard, 2015).

Validated screening tools and questionnaires to assess DE behaviour in athletes are
limited in number and quality (Knapp, Aerni & Anderson, 2014; Wagner, Erickson & Tierney,
2016; Wells, et al., 2020). The four most common include the Athletic Milieu Direct
Questionnaire (Nagel, Black, Leverenze & Coster, 2000), the Physiological Screening Test
(Black, Larkin, Coster & Leverenze et al, 2003), the Brief ED in Athletes Questionnaire
(Martinsen, Holme, Pensgaard & Torstveit et al, 2014), and the Female Athletes Screening
Tool (FAST; McNulty, Adams, Anderson & Affenito, 2001). Despite all being able to
discriminate between athletes with and without DE behaviour they should be used with caution.
It is currently unknown if these tools are valid for athletes across all sports, ages, and
performance levels as they have only been validated in female collegiate athletes and female
adolescent athletes. It is also unclear if these screening tools can be generalised to use with
male athletes (Knapp, et al., 2014). Further work is required to increase the validity of existing
screening tools and questionnaires designed for athletes by assessing the strength of their
psychometric properties (i.e., content and convergent validity, test-retest, and internal
consistency reliability) across athletic populations (including males and females, elite and non-
elite). It is recommended that athletes identified with DE behaviour subsequently undergo a

nutritional assessment for LEA which was discussed in Chapter 2.3.1.2 of this thesis.
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Additionally, assessment should not focus on assessment of body mass as athletes can be

weight stable and present with DE, ED, or LEA (Wells, et al., 2020).

Despite the importance of early detection and treatment of DE behaviour and clinical
ED, several barriers exist. As previously highlighted in chapter 2.3.1.2, subjective measures
are inherently inaccurate due to false reporting and compliance. This may be exacerbated in
the athletic population when screening for DE behaviour and clinical ED due to the stigma,
shame and discrimination often associated with disclosing mental health concerns (Bonci, et
al., 2008; Ozier, et al., 2011; Walker & Lloyd, 2011; Reardon, et al., 2019). Rather than seeking
direct help for DE behaviour, athletes often seek help indirectly for a health consequence
associated with DE or clinical ED (Joy, et al., 2016). Alternatively, from a coach or parental
perspective limited knowledge related to signs and symptoms of DE behaviours or how to
approach an athlete may also prevent early detection (Reardon, et al., 2019). From a clinical
perspective, poor understanding of an individual’s sports environment may prevent the
distinction between acceptable and problematic behaviours. Thus, signs and symptoms of DE
behaviour may be masked (Chapa, Hagan & Forbush, et al., 2018; Strohle, 2019; Wells, et al.,

2020).

2.4.1.5 DE/ED prevalence research

As previously stated, the screening or identification of either LEA or DE behaviours in
athletes necessitates the examination of the other (Nattiv, et al., 2007; Sundgot-Borgen, et al.,
2013; De Souza, et al., 2014; Mountjoy, et al., 2014; 2018; Burke, et al., 2018; Wells, et al.,
2020). This is due to the absence of a singular screening tool or questionnaire that can identify
individuals at risk of LEA without the presence of DE behaviours or clinical ED (Joy, et al.,
2016). Table 2.4 provides an overview of studies reporting the prevalence of DE and ED in

predominantly female athletes from various sports or between athletes and controls. A narrative
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review was conducted for the articles included in table 2.4 using targeted internet searches (i.e.,
Google Scholar and PubMed). Combinations of the following key search terms were included:
athlete, endurance athlete, recreational exercise, elite athlete, non-elite athlete, DE, ED, eating
attitudes, eating behaviour, EAT-26, FAST, EDI, and EDE. Articles were considered if written
in English, in full-text, and were conducted among free-living trained or exercising human
subjects. Only studies that quantified the assessment of DE/ED and screened for the prevalence
within the text of the manuscript were included. No time limit on retrieval of articles was set

and reference lists of articles retrieved were also reviewed.

Overall, the athletic population are more likely to have a greater prevalence of DE
and/or ED than the general population (Sundgot-Borgen & Torstveit, 2004; Bratland-Sanda, et
al., 2013; Sundgot-Borgen, et al., 2013). Plus, athletes from sports that emphasise leanness or
low body mass as advantageous for performance (figure 2.9), are more likely to be identified
at risk for DE and/or ED (Nattiv, et al., 2007; Bratland-Sanda, et al., 2013; Sundgot-Borgen, et
al., 2013; Joy, et al., 2016; Mountjoy, et al., 2018). Despite a high prevalence of DE and/or ED
observed in elite athletes, DE and ED can occur in any athlete, irrespective of gender, sport,
age, culture, performance level, socioeconomic background, time, or body composition/weight

(Sundgot-Borgen, et al., 2013; Joy, et al., 2016; Wells, et al., 2020).

Many of the studies examining the prevalence of DE and/or ED have focused on elite
female athletes (Sundgot-Borgen, et al., 1993; 2004; Hulley, et al., 2001; Torstveit, et al., 2008;
Schaal, et al., 2011b; Muia, et al., 2016), high school athletes (Nichols, et al., 2006; 2007;
Pernick, et al., 2006; Rosendahl, et al., 2009; Martinsen, et al., 2010; Thein-Nissenbaum, et al.,
2011), and collegiate athletes (Johnson, et al., 1999; Beals, et al., 2006; Greenleaf, et al., 2009;
Hoch, et al., 2010). Much of these studies have combined athletes from various sports
(Sundgot-Borgen, et al., 1993; 2004; Vardar, et al., 2007; Rosendahl, et al., 2009; Quah, et al.,
2009; Martinsen, et al., 2010; Kong, et al., 2015), or focused on single-sport endurance events
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(Hulley, et al., 2001; Schtyscherbyna, et al., 2009; Folscher, et al., 2015; Melin, et al., 2015;
Muia, et al., 2016; Petterson, et al., 2016; Hauck, et al., 2020). Many of the studies presented
in table 2.4 include adolescent or young adult Caucasian athletes, from North American or
Scandinavian cohorts, who are able-bodied. Prevalence ranges for athletes at risk of DE

(including ED) across all studies identified in table 2.4 range from 4% to 89%.

Importantly, estimates of DE and/or ED prevalence remain unclear across athletic
populations and are likely to be significantly underestimated due to the stigma and
discrimination associated with mental health conditions (Joy, et al., 2016). A reflection of the
often-unreliable results reported resulting from differing criteria and definitions used,
variability in the screening tools and questionnaires used that are frequently self-report and
unvalidated in athletes, lack of or unsuitable control groups, small sample sizes, and
heterogeneous samples examined (Byrne & Mclean, 2001; Nattiv, et al., 2007). Currently, there
are a limited number of studies examining DE and/or ED in athletes using the gold standard
assessment method to obtain unbiased and reliable estimates of prevalence. Sundgot-Borgen,
et al., (2004) examined 572 elite females and 687 elite males from various sports compared to
controls using the EDE. In females, it was found that 20% of all females and 24% of female
endurance athletes (n=102) had clinical ED compared to 9% of the general population. Despite
leanness sports being at greater risk for the development of DE and ED, limited studies exist
examining the prevalence in females participating in multi-sport endurance events (e.g.,
triathlon). Recently, Mongrain, et al., (2018) examined 162 non-elite male and female multi-
sport endurance athletes using the EAT-26 and found 6% at risk of ED. Muros, et al., (2020)
examined 401 female and 3636 male cyclists and triathletes using the SCOFF and found 23%

of females and 16% of triathletes at risk of ED.

It should also be acknowledged that prevalence estimates identified in table 2.4 are
largely based on early versions of the DSM which may influence previous diagnoses in athletes
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(American Psychiatric Association, 2013). Although self-report measures only provide an
estimate their use remains valuable in identifying at-risk groups to enable early intervention
and target awareness (Bratland-Sanda, et al., 2013). Future work is advised to continue
examining the prevalence of DE and ED across a range of athletic populations (i.e., sports,
gender, cultures, performance level, age; Mountjoy, et al., 2014; 2018; Joy, et al., 2016; Wells,

et al., 2020).

2.4.2 Exercise dependence

2.4.2.1 Definitions and classification

Pathological exercise was first identified in the 1970s and despite growing support its
existence continues to spark debate in the literature (Baekeland, 1970; Morgan, 1979; Hailey
& Bailey, 1982). It is recognised individuals can develop a negative relationship with exercise,
however, several barriers in the literature exist. Currently, there is no universally accepted
definition or classification of pathological exercise (Hausenblas & Downs, 2002a; Landolfi,
2013). This has led to a variety of terms being used including compulsive exercise (Dalle
Grave, Calugi & Marchesini, 2008; Holland & Tiggemann, 2017; Dittmer, Jacobi &
Voderholzer, 2018), exercise addiction (Adams & Kirkby, 2002; Aidman & Woollard, 2003;
Oberle, Watkins & Burkot, 2018), exercise dependence (Hausenblas & Downs, 2002b;
Bamber, Cockerill, Rodgers & Carroll, 2003; Adams, 2009; Maclintyre, Heron, Howard &
Symons Downs, 2020), excessive exercise (Long, Smith, Midgley & Cassidy, 1993; Shroff,
Reba, Thornton & Tozzi, et al., 2006), obligatory (Thompson & Pasman, 1991; Brehm &
Steffen, 1998; Serier, Smith, Lash & Gianini, 2018), and overcommitted (Yates, Shisslak,
Crago & Allender, 1994). Current literature often does not provide clear definitions making it
difficult to understand if the variety of terms used all denote the same concept (Landolfi, 2013).

This variety in terminology has led to challenges in establishing a consensus due to
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misunderstanding, ambiguity, irreproducible results, and interpretation errors (Cook &
Hausenblas, 2008; Landolfi, 2013; Szabo, Griffiths, Marcos & Mervo, 2015; Bratland-Sanda,

Mathisen, Sundgot-Borgen & Rosenvinge, 2019).

Debate in the literature also exists in relation to the proposal that pathological exercise
can be considered as either a primary disorder or a secondary symptom of another pathological
disorder. This proposal emphasises the core motivation behind the exercise behaviour (Veale,
1987; Szabo, 2010). Classification as a primary disorder refers to the absence of a clinical ED
(AN or BN), whereby, the motivation for exercise is the reduction of negative affect for
exercise in itself and not solely for weight loss. In contrast, a secondary symptom refers to the
co-existence with another pathological disorder, most often clinical ED, where the motivation
for exercise is weight loss (Veale, 1987; Bamber, Cockerill & Carroll, 2000; Blaydon, Lindner
& Kerr, 2002; Szabo, 2010; Scharmer, Gorrell, Schaumberg & Anderson, 2020). However, this
theory remains critically challenged as little is currently known about the aetiology of
pathological exercise, irrespective of primary or secondary classification (Szabo, 2010;
Berczik, Szabo, Griffiths & Kurimay, et al., 2012; Cunningham, Pearman & Brewerton, 2016;
Colledge, Cody, Buchner & Schmidt, et al., 2020). Moreover, this classification within the
literature has often characterised primary pathological exercise as addictive in nature and
secondary as compulsive (Cunningham, et al., 2016). Yet, research by Cook, et al., (2014) has
suggested secondary pathological exercise, specifically with clinical ED, exhibits greater levels
of addictive and compulsive qualities. Thus, highlighting the importance of continued work in

this area to further elucidate these findings.

Despite the variability in terminology, it has been proposed by some authors that
exercise addiction may be the most applicable term due to the inclusion of both compulsion
and dependence (Goodman, 1990; Szabo, 2010; Berczik, et al., 2012). In a recent analytical
review by Szabo, et al., (2015) it was reported that the most frequently used term in the
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literature was exercise dependence. For the that reason, this thesis will use the term exercise
dependence (EXD) to facilitate comparison between studies, however, it is acknowledged that
several terms exist that aim to conceptualise pathological exercise. No definitive definition of
EXD exists (Hausenblas & Downs, 2002a; 2002b; Marques, Peralta, Sarmento & Loureiro, et
al., 2019). Hausenblas and Downs (2002b) recommended, based on the DSM-1V definition of
substance dependence (American Psychiatric Association, 2000) and the early work of Veale
(1987), that EXD is conceptualised as a “multidimensional maladaptive pattern of exercise
leading to clinically significant impairment or distress”, including physiological, cognitive,
and behavioural symptoms. EXD is defined by presentation of three or more of these
symptoms: tolerance, withdrawal, intention effects, lack of control, time, reduction in other
activities, and continuance (outlined in chapter 3.4.3; Hausenblas & Downs, 2002b; Bamber,

et al., 2003; Allegre, Souville, Therme & Griffiths, 2006).

Although likened to other behavioural addictions (e.g., gambling disorder), EXD or any
variation of pathological exercise has not been positioned as a mental disorder in the DSM-V.
A result of insufficient peer-reviewed evidence and methodological rigour (American
Psychiatric Association, 2013). More recently, Bratland-Sanda, et al., (2019) has proposed the
concept of pathological exercise should instead be aligned more closely to the DSM-V criteria
for obsessive-compulsive disorder. It is suggested this may enable further understanding and
evaluation of the obsessions and compulsions underpinning pathological exercise rather than

the frequency and motives.

2.4.2.2 Theoretical models, risk factors, and consequences

Theoretical research is the current focus in the literature as little is currently understood
about the aetiology of EXD. To date several theoretical models have been proposed (Egorov

& Szabo, 2013; Landolfi, 2013; Chen, 2016). A physiological model, the Sympathetic Arousal
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Hypothesis, proposed by Thompson and Blanton (1987) suggests EXD relates to an
individual’s adaptation to habitual exercise in a cycle of sympathetic activity. Briefly, it
suggests lower levels of sympathetic arousal may occur at rest when an individual engages in
regular exercise. This may lead to physical feelings of lethargy and tiredness, and psychological
feelings of being low or negative, resulting in the desire to increase arousal. When exercise is
used as a means to increase arousal, the increased arousal levels are temporary, leading to
increased levels (i.e., frequency and volume) of exercise being required to reach optimal
arousal. This refers to the tolerance component of the EXD concept. The main limitation of
this model relates to sympathetic adaption to exercise is universal, yet EXD is only experienced

by a small percentage of exercisers (~3%; Sussman, Lisha & Griffiths, 2011).

Szabo (1995) proposed the Cognitive Appraisal Hypothesis which accounts for
individuals (although it is unknown who) using exercise as a coping mechanism for life-stress.
The individual rationalises the use of exercise as a healthy coping mechanism, however, in
order to function the individual becomes dependent on it. Withdrawal symptoms may become
evident when life-obligations and daily activities force a reduction in exercise levels. Thus, in
the absence of exercise (coping mechanism) they become more vulnerable to stress and in order
to abate the negative feelings they resume previous patterns of exercise, at the expense of other
obligations. The main limitation of this model is the lack of explanation for the onset of exercise

dependence as it only depicts the maintenance of dependence (Egorov & Szabo, 2013).

Hamer and Karageorghis (2007) proposed a psychobiological model examining the role
of interleukin-6 (IL-6) on EXD. It suggests that exercise may act as a trigger (although
unknown) that results in elevated levels of IL-6 that result in cytokine-induced sickness
behaviours, causing negative affect. Individuals may use exercise to increase arousal which

creates the exercise-increased IL-6 loop. The main limitation of this model is that it does not
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account for why an individual chooses exercise over substance abuse for example (Egorov &

Szabo, 2013).

Freimuth, et al., (2011) proposed a Four Phased Model of EXD with each phase focused
on the components of motivation, consequences, and frequency/control. Phase 1 represents
recreational exercise and is considered to be pleasurable activity with minor negative
consequences (i.e., muscle soreness or minor strains). Phase 2 represents at-risk exercise which
is characterised by the adoption of exercise as a coping mechanism to improve mood. Phase 3
represents problematic exercise where an individual is highly engaged with rigid organisation
of exercise, and negative consequences are greater due to exercise being the sole coping
mechanism. The final phase represents an individual meeting the symptoms to be considered
as EXD. Although the model suggests the onset of EXD occurs in phase 2, it does not provide
detail regarding the distress that causes the onset of EXD (i.e., gradual, or sudden), the
conditions resulting in the adoption of exercise as a coping mechanism, or who specifically in
the exercising population is at risk of using exercise as a coping mechanism and why (Egorov

& Szabo, 2013).

McNamara and McCabe (2012) proposed the Biopsychosocial model which has
focused on elite athletes. The model has proposed that EXD is triggered by biological factors
(i.e., BMI) that interact with psychological (i.e., self-esteem) and social factors (i.e., coaches)
that determine the onset of EXD. However, this model has been criticised in relation to its focus
on elite athletes. It has been advised that the intense training and ambitious strivings for success
evident in elite athletes does not compare to the proposed symptoms of EXD. The model
suggests biological factors are the onset of EXD, but it has been argued that addictions or
dependence originate from psychological factors and biological factors affect psychology
(Freimuth, Moniz & Kim, 2011; Egorov & Szabo, 2013). Nevertheless, it is important to
acknowledge that these counterarguments do not suggest that elite athletes are not at risk of
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developing poor coping mechanisms or pathological exercise. Rather, it is the perspective from

which EXD is examined that is contested.

The final model proposed by Egorov and Szabo (2013) is in line with the Pragmatics,
Attraction, Communication and Expectation model for general addictions and is called the
Interactional Model. It is proposed the primary motivation for exercise is determined by the
interaction between environmental and personal factors. These exercise motivations may be
described as therapeutic-orientation or mastery-orientation. The model acknowledges that an
individual may experience a gradual or sudden intolerable life-stressor that causes the
individual to seek a means to cope. It is the subconscious and conscious interaction between
these motivations for exercise and previous exercise behaviours that may determine if an
individual uses exercise as a coping mechanism. It is at this phase that mastery-orientated
exercisers may change to therapeutic-orientation. The greater the perceived benefit of exercise
for coping, the more likely an individual is to continue using it as a coping mechanism (Egorov
& Szabo, 2013). Overall, the inconsistencies evident between these models clearly evidence a

lack of aetiologic consensus across the field.

To date, several risk factors for the development of EXD have been proposed (Back,
Josefsson, Ivarsson & Gustafsson, 2019). Previous research has suggested EXD is significantly
associated with anxiety and obsessive-compulsive disorders in both general and exercise
populations (Ogden, Veale & Summers, 1997; Gulker, Laskis & Kuba, 2001; Spano, 2001,
Grandi, Clementi, Guidi & Benassi, et al., 2011; Costa, Hausenblas, Oliva & Cuzzocrea, et al.,
2013; Landolfi, 2013; Young, Rhodes, Touyz & Hay, 2013; Paradis, Cookie, Martin & Hall,
2013; Schreiber & Hausenblas, 2015). Hausenblas & Giacobbi (2004) also suggested
personality traits such as impulsiveness and extroversion may also have a higher risk for EXD.
Several studies have also reported significant associations between obsessive passion (intra-
and/or interpersonal pressure to participate in exercise and feelings of guilt or anxiety when
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unable to; Vallerand, Blanchard, Mageau & Koestner, et al., 2003; Parastatidou, Doganis,
Theodorakis & Vlachopoulos, et al., 2012; Kovacsik, Griffiths, Pontes & Sods, et al., 2018;
Back, et al., 2019). Finally, distorted body image, body dissatisfaction and physical
appearance-orientated individuals have also been significantly associated with the
development of EXD when exercise is used to achieve body ideals (Hausenblas & Giacobbi,

2004; Hausenblas & Fallon, 2006; Landolfi, 2013; Schreiber & Hausenblas, 2015).

Although the consequences of EXD are not fully elucidated and require further work,
several co-occurring dependencies related to EXD have been proposed to negatively influence
health. These have included dependence on work, illegal drugs, nicotine, buying, alcohol, sex,
and the internet (Freimuth, et al., 2011; Landolfi, 2013; Lichtenstein, Hinze & Emborg, et al.,
2017). Sussman, et al., (2011) estimated a third of individuals with EXD will also have co-
occurring dependencies. In addition to co-dependencies, individuals with EXD may also
experience negative consequences related to pain, injury, impaired social life, reduced sleep
quality, depression, and anxiety related to overtraining (Landolfi, 2013; Lichtenstein, et al.,
2017; Marques, et al., 2020). Importantly, current evidence does not suggest the level of
psychological morbidity is sufficient to indicate psychological distress as defined by the DSM-
V (American Psychiatric Association, 2013). Although complex and poorly understood, there
is significant literature focusing on the significant associations between DE behaviour, clinical
ED, and EXD (Bratland-Sanda, et al., 2011; Freimuth, et al., 2011; Sussman, et al., 2011;
Muller, Loeber, Sochtig & Te Wildt, et al., 2015; Cook, et al., 2016; Scharmer, et al., 2020).
The negative health consequences of EXD in the context of DE behaviour and clinical ED is
outlined in chapter 2.4.1.3. Recently, it has been proposed that the link between EXD and DE
behaviour may also be associated with a greater risk of Triad or RED-S (Turton, et al., 2017).
A study by Torstveit, et al., (2019) found significant associations between higher EXD scores,

ED symptoms, biomarkers of RED-S in healthy male endurance athletes. However, studies
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investigating these potential associations are in their infancy and further work is required across

all athletic groups (i.e., gender, performance level and sports).

2.4.2.3 Assessment methods

Unfortunately, there is no consensus for the assessment of EXD, however, it has been
acknowledged that the volume and intensity of exercise is not an indicator of EXD
(Lichtenstein, et al., 2017). Several assessment instruments have been developed for the
assessment of pathological exercise (Berczik, et al., 2012; Lichtenstein, et al., 2017). These
include the Negative Addiction Scale (NAS; Hailey & Bailey, 1982), the Obligatory Exercise
Questionnaire (OEQ; Thompson & Pasman, 1991), the Running Addiction Scale (RAS;
Chapman & De Castro, 1990), the Exercise Dependence Questionnaire (EDQ; Ogden, et al.,
1997), and the Exercise Beliefs Questionnaire (EBQ; Loumidis & Wells, 1998). The two most
frequently adopted and well-validated instruments are the Exercise Addiction Inventory (EAI;
Terry, Szabo & Griffiths, 2004) and the Exercise Dependence Scale (EDS; Hausenblas &

Downs, 2002b).

Terry, et al., (2004) developed the 6-item EAI in the context of the theoretical concepts
of behavioural addiction proposed by Brown (1997). Each item is indicative of one of the
addictive behaviour components and rated on a 5-point Likert scale with a maximum score of
30. Cut-off points of >24 indicates risk of addiction, a score of 12-23 indicates symptomatic,
and <12 indicates asymptomatic individuals. Hausenblas and Downs (2002b) developed the
29-item EDS in the context of DSM-IV diagnostic criteria for substance abuse (e.g., tolerance,
time — see chapter 2.4.2.1). Downs, et al., (2004) revised the EDS (EDS-R) to 21-items which
is outlined in detail in chapter 3.4.3. The EDS-R produces a mean score and categorises
individuals as at-risk of EXD, non-dependent symptomatic, or non-dependent asymptomatic

(Hausenblas & Downs, 2002b).
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Although good psychometric properties have been reported in the abovementioned
assessment instruments, the heterogeneity of these instruments has led to considerable variance
in reported prevalence rates (Lichtenstein, et al., 2017). For instance, the NAS and RAS only
focus on a specific sport but the EDS and EAI focus on general physical exercise. The EAI is
developed based on addiction theory but the EDS on diagnostic DSM-1V criteria. The EDS and
EBQ do not have cut-off points but the EAI and EDQ do (Lichtenstein, et al., 2017).
Importantly, while the EAI and EDS are frequently used, self-report instruments cannot be
used as diagnostic tools for EXD. This is due to the inherent issues previously discussed of
using self-report measures (i.e., honesty and compliance), the lack of empirical research, and
inaccurate interpretation of data (Szabo, et al., 2015). It has been recommended that self-report
assessment instruments be supplemented with clinical interview. This will allow confirmation
of true positives, false positives, true negatives, and false negatives (Muller, Cook, Zander &

Herberg, et al., 2014; Szabo, et al., 2015; Lichtenstein, et al., 2017).

2.4.2.4 Prevalence research

To date, the prevalence of EXD remains unclear due to the issues highlighted regarding
definitions, theoretical models, risk factors, and assessment instruments (Berczik, et al., 2012;
Landolfi, 2013; Lichtenstein, et al., 2017; Di Lodovico, Poulnais & Gorwood, 2019; Marques,
etal., 2019). Additionally, current research examining the prevalence of EXD using self-report
assessment instruments are in fact measuring the prevalence of individuals ‘at-risk’ of EXD,
rather than ‘diagnosed’ EXD (Szabo, et al., 2015). Mo6nok, et al., (2012) reported the
prevalence rate of EXD in the general population ranged from 0.3% to 0.5% and a study by
Sussman, et al., (2011) reported up to 3% in general population. A recent review by Marques,
et al., (2019) highlighted the prevalence in regular exercisers ranged between 2% and 10% in
14 identified studies using either the EAI or EDS. In university students, Marques, et al., (2019)
identified a prevalence ranging from 3% to 21% in 8 identified studies and in the athlete
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population a prevalence ranging from 1% to 17% in 11 identified studies using either the EAI
or EDS. However, some studies have reported higher prevalence rates ranging from 3% to 52%
in various populations (Blaydon & Lindner, 2002; Lejoyeux, Avril, Richoux & Embouazza, et
al., 2008; Villella, Martinotti & Nicola, et al., 2011; Lejoyeux, Guillot, Chalvin & Lequen,
2012; McNamara & McCabe, 2012; Szabo, Vega Rde, Ruiz-Barquln & Rivera, 2013;

Lichtenstein & Jensen, 2016).

Currently, there is limited data available examining the risk of developing EXD in
specific athletic groups (i.e., sports, age, gender, performance level, culture). A recent review
by Di Lodovico, et al., (2019) examined which sports are more likely to be at-risk of EXD
using the EAIl and/or EDS. The review identified 48 cross-sectional, observational studies from
various sports (EAI: n=20, EDS: n=26, EAl & EDS: n=2). In studies using the EAI, endurance
sports reported the highest prevalence at 14% and mixed disciplines, health and fitness, power
sports, and general population were reported at 10%, 8%. 6% and 3%, respectively. In studies
using the EDS, mixed disciplines reported the highest prevalence at 15% and endurance sports,
health and fitness, power sports, and general population were reported at 4%, 6%, 11% and

2%, respectively (Di Lodovico, et al., 2019).

Both Marques, et al., (2019) and Di Lodovico, et al., (2019) found limited studies
differentiating between primary and secondary risk for EXD or between the categorisations
found within the EDS of ‘at-risk’, ‘non-dependent symptomatic’, and ‘non-dependent
asymptomatic’. In addition to the potential reasons for the apparent inconsistencies in
prevalence rates, comparisons and generalisability of studies is difficult due to the lack of
descriptions provided of the populations studied (Monok, et al., 2012; Landolfi, 2013). Further
work is advised considering the lack of studies examining prevalence in specific populations

and the potential of negative consequences from the development of EXD.
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2.5 Overall summary and research questions

LEA describes the mismatch between EI and EEE, resulting in inadequate energy to
support physiological function and maintain optimal health and performance. LEA may be
caused by clinical ED, intentional but mismanaged efforts to alter body composition that may
include DE, and/or an inadvertent inability to increase El to match EEE (Nattiv, et al., 2007).
Additionally, it has been recognised that DE/ED in females has been associated with EXD with
recent work suggesting that EXD, with or without DE/ED, may increase the risk of developing
LEA (Turton, et al., 2017). Current position stands have stressed the importance of prevention
and the early detection of at-risk groups, to avoid the more serious clinical disturbances
associated with LEA (i.e., impaired menstrual and bone health; Nattiv, et al., 2007; De Souza,

et al., 2014; Mountjoy, et al., 2014; 2018).

Current work has identified that individuals from endurance sports and/or leanness
sports are at greater risk of LEA due to increased risk of DE, ED, EXD and increased daily
EEE from high training volumes (Loucks, et al., 2011). However, previous studies have
focused on single-sport endurance athletes (i.e., runners) and studies examining LEA in multi-
sport endurance athletes (i.e., triathletes) are limited. Triathlon requires large volumes of
sustained training across three sports in addition to the nutritional and psychological demands
(Vescovi & VanHeest, 2016). Participation in triathlon may be associated with an increased
risk of developing LEA and warrants further investigation into its prevalence and potential
origins. LEA is associated with sub-clinical and clinical disturbances to menstrual and bone
health that may have irreversible consequences (De Souza, et al., 2014). There may be critical
phases of throughout the lifespan (i.e., puberty and/or menopause) where the development of
LEA may increase and/or increase the severity of associated impairments. However, whilst
current evidence suggests LEA exists across all ages, current work has focused on young adults
and limited information exists on LEA across age groups or the influence of age. Similarly,
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previous work has focused on elite athletic populations, but recent evidence suggests non-elite
athletic groups are also at increased risk but may have less access to advice and support. It has
been proposed that performance level development may increase the risk of know risk factors
for LEA (i.e., increased daily EEE from training, DE, ED) but more work is needed to elucidate
the influence of performance level on LEA. It is also unclear how seasonal changes in respect

of training and competition impact on LEA and associated risk factors.

In order to address some of the discrepancies and gaps identified with the present

literature review, the following research questions for this thesis were generated:

1. What is the prevalence of risk for LEA, DE/ED and EXD in competitive female triathletes?

2. What are the associations between LEA, DE/ED and EXD in competitive female
triathletes?

3. Does age influence the prevalence of and associations between LEA, DE/ED and EXD in
competitive female triathletes?

4. Does performance level influence the prevalence of and associations between LEA, DE/ED
and EXD in competitive female triathletes?

5. Does EA and eating attitudes change across the triathlon season in female triathletes and

does the prevalence change?
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CHAPTER 3

GENERAL METHODOLOGY
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3.1 Overview

This chapter will outline the general methodology of the research studies within this
thesis, relating to the ethical approval, recruitment procedures, and questionnaires used in
Studies 1-4. Variations in data collection methods or specific information where relevant will

be detailed within the respective studies.
3.2 Ethical approval

All studies were conducted having gained ethical approval (Appendix 1) from the
University of Sunderland Research Ethics Group (studies 1-4). The key ethical issues related
to studies 1-7 included repeated measures of body composition, El, EEE, and eating attitudes
over a prolonged data collection period, measurement of maximal aerobic capacity (VOzmax),
potential data breach due to the online nature of the questionnaires, and screening and
subsequent exclusion of participants if they had a previous or current diagnosis of LEA, FHA,
and/or DE/ED. All studies were subsequently conducted in accordance with the Declaration of

Helsinki (World Medical Association, 2013).
3.3 Research design

To assess the prevalence of risk in studies 1-3, a cross-sectional design using an
anonymised online questionnaire was used. The questionnaire was titled the ‘Female Health
Questionnaire’ and took 15-20 minutes to complete on average. It comprised of demographic
questions selected after reviewing the literature which included age, nationality, self-identified
performance level, training hours, height, and weight. BMI was subsequently calculated from
the self-reported height and weight. The ‘Female Health Questionnaire’ included the questions
from the original LEAF-Q (Melin, et al., 2014), FAST (McNulty, et al., 2001), and EDS-R
(Downs, et al., 2004) questionnaires to assess LEA risk, eating attitudes and EXD. The LEAF-

Q, FAST, and EDS-R are established, validated and reliable screening tools previously used in
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EA literature (i.e., Melin, et al., 2014, Folscher, et al., 2015, Slater, et al., 2016 and Logue, et

al., 2019).

The ‘Female Health Questionnaire’ was primarily used to investigate if female
triathletes were an athletic population considered to be at risk of developing LEA, DE/ED,
and/or EXD — forming study 1 of this thesis. Findings from study 1 influenced the formation
of studies 2-3 of this thesis, whereby subsequent analysis investigated the influence of age
(study 2) and performance level (study 3) on the prevalence of risk and/or associations with
the key components (i.e., LEA, DE/ED, EXD). Study 4 was a longitudinal design following a
cohort of female triathletes across a full triathlon season. EA and eating attitudes were assessed
every two months throughout the season to assess prevalence and seasonal changes using both
direct EA measures and screening tools for LEA and eating attitudes. Study 4 was the first
study to commence and informed the decision to design studies 1-3, as after reviewing the
literature there was limited prevalence studies within multi-sport endurance athletes to enable

comparison. Figure 3.1 illustrates the overall research design of this thesis.
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Female Health Questionnaire

Crozs-sectional design
{October — November 2019)

l

Study 1: n=393

Fezearch Q) Are female triathletes at
risk of LEA, DE/ED, EXD? If 30, what
are the associations between LEA,

DE/ED, EXD?
Study 2: n=393 Study 3: n=383
Besearch () Does age influence the Besearch Q: Does performance level
prevalence and/or associations of LEA, influence the prevalence andior
DEED, EXD in female triathletes? associations of LEA, DE/ED, EXD in
female triathletes?
¥
Study 4: n=10
Longitudinal desizn

(March 2019 — JTanuary 2020)

Fesearch (): What iz the prevalence of
LEA and DEED in a cohort female
triathlete and how does thiz change
across a full triathlon season?

Figure 3.1. Schematic of thesis research design.
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3.4 Participant recruitment and sample size

All participants took part in the studies voluntarily and were provided with information
specifying the experimental procedures, including the requirements of their involvement in the
studies via a participant information sheet (Appendix 2). Subsequently, participants were made
aware that they could ask any questions for clarification before providing informed, written
consent to take part in the study 4 (Appendix 3). A statement of implied consent was used in
the study presented in studies 1-3 (Appendix 3). In study 4, all participants completed an
Institutional Review Board-approved pre-participation health screening medical form, prior to
any data collection (Appendix 4). Inclusion and exclusion criteria for studies 1-4 are presented

in table 3.1.

For studies 1-3, participants were recruited using voluntary response sampling using
recruitment posters advertised via social media platforms (Facebook, Instagram, and Twitter),
supported by flyers and word-of-mouth approaches when relevant. An alternate form of
participant recruitment was used in study 4 by using convenience sampling at local triathlon
clubs. A recruitment poster for female triathletes was emailed to registered British Triathlon
clubs (including University triathlon clubs) in the North-East of England. Word-of-mouth

approaches were also used when relevant.

Table 3.1. Inclusion and exclusion criteria for studies 1-4.

Studies 1-3
Inclusion Exclusion
e Female e Male
e Aged > 18 years e Aged < 18 years
¢ Pre-menopausal e Menopausal or post-menopausal
e Currently participating in triathlon (any | e Non-triathlete or not currently participating
performance level) in triathlon

o LEAF-Q exclusion criteria by Melin, et al.,
2014; pregnant, breastfeeding, chronic
illness, use of forms of contraceptive other
than oral (i.e., hormonal coil)
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e Incomplete questionnaire
¢ Unable to understand study requirements
e Unable to provide implied consent

Study 4

Inclusion

Exclusion

e Female

e Aged > 18 years

¢ Pre-menopausal

e Currently participating in triathlon (non-
elite)

e Non-smoker

e Apparently healthy and no previous
diagnosis of LEA, FHA, DE, or ED

e A minimum of 12 months experience of
participating in training and competition for
triathlon

e Male

e Aged < 18 years

e Menopausal or post-menopausal

¢ Non-triathlete or not currently participating
in triathlon

o LEAF-Q exclusion criteria by Melin, et al.,
2014; pregnant, breastfeeding, chronic
illness, use of forms of contraceptive other
than oral (i.e., hormonal coil)

e Unable to understand study requirements

e Current or recent injury (< 6 months)

e Unable to provide voluntarily consent

e Current  diagnosis  or  undergoing
investigation or  family  history of
cardiovascular, respiratory, or metabolic
disease

¢ Receiving medical
condition
eRecreational or performance enhancing
substance use

e Known or diagnosed heart murmur,
palpitations, high resting blood pressure,
head injury, seizures, epilepsy, fainting,
neurological disorder

e More than two risk factors for cardiac
disease

e Previous or current diagnosis for LEA,
FHA, DE, or ED

treatment for any

DE, disordered eating; ED, eating disorder; FHA,

functional hypothalamic amenorrhea; LEA, low

energy availability; LEAF-Q, low energy availability in female’s questionnaire.
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Table 3.2 outlines the number of individuals recruited, excluded, and included in the
final sample for analysis in studies 1-4. Although a large reduction in the original sample size
is evident in studies 1-3, the final sample included in analysis in studies 1-3 met the calculated
sample size estimation for the cross-sectional studies. Based on a population size of 10,000
registered female triathletes with British Triathlon (British Triathlon, 2021a), a sample size
estimation of n=370 was calculated for studies 1-3 with a confidence level of 95% and a 5%
margin of error (Qualtrics, London, UK). Although the author of this thesis acknowledges
sample size estimation and power analyses should be interpreted with caution as its components
can easily be manipulated and are ultimately estimates (Prajapati, et al., 2010; Meyvis & Van
Osselaer, 2018). Despite a large reduction in the original sample size, studies 1-3 all fall within
the sample size range previously reported in LEA prevalence studies (range 10 to 833; Schaal,
etal., 2011a; Logue, et al., 2019 — table 2.2). The author also acknowledges that the larger the
study, particularly with prevalence research, the more reliable the results due to small standard
error and narrow confidence intervals, therefore resulting in more precise and/or firm

conclusions.

The smaller the study, the less reliable the results with large standard error and wide
confidence intervals, resulting in imprecise estimate of the effect leading to less precise/no firm
conclusions (Hackshaw, 2008). This would be particularly applicable to study 4 (table 3.2)
which had a total sample size of n=10 as a smaller sample size makes it difficult to distinguish
random variation and a real effect. However, due to the longitudinal design, logistics, and time
constraints on both participant and researcher in study 4 the primary goal was to recruit 10 to
15 individuals which was in line with previous studies who directly measured EA (Doyle-

Lucas, et al., 2010; Schaal, et al., 2011; Moss, et al., 2020; Zanders, et al., 2021 — table 2.2).
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Table 3.2. Sample size for studies 1-4.

N recruited

Excluded

Included

N=878

Study

N=36 post-menopausal or non-triathlete

N=303 LEAF-Q exclusion (pregnant, breastfeeding, chronic
illness, use of forms of contraceptive other than oral; increase
false positive; Melin, et al., 2014)

N= 146 Female Health Questionnaire incomplete

N=393

Study

N=36 post-menopausal or non-triathlete

N=303 LEAF-Q exclusion (pregnant, breastfeeding, chronic
illness, use of forms of contraceptive other than oral; increase
false positive; Melin, et al., 2014)

N= 146 Female Health Questionnaire incomplete

N=393

Study

N=36 post-menopausal or non-triathlete

N=303 LEAF-Q exclusion (pregnant, breastfeeding, chronic
illness, use of forms of contraceptive other than oral; increase
false positive; Melin, et al., 2014)

N= 146 Female Health Questionnaire incomplete

N=10 self-identified as elite level triathletes and study focused
on non-elite triathletes

N=383

N=

13

Study

N=1 non-compliance/uncomfortable with repeated measures
of El
N=1 personal circumstances (bereavement)

N=1 medical reasons

N=10
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3.5 Questionnaire

In studies 1-3, the ‘Female Health Questionnaire’ was constructed based on established,
validated, and reliable screening tools in addition to demographic variables previously detailed.
These included the LEAF-Q (studies 1-4; Melin, et al., 2014), the FAST (studies 1-4; McNulty,
et al., 2001), and the EDS-R (studies 1-3; Downs, et al., 2004). The online ‘Female Health
Questionnaire’ was self-administered and was distributed (via a URL) in English using the
Qualtrics electronic management system (Qualtrics, London, UK) during recruitment. An
adapted version of the online questionnaire was used in study 4 which did not include the EDS-
R. In study 4, participants were provided with a URL link to the online questionnaire, which
was self-administered, and participants were asked to input their unique participant code for

the study.

The items within the instruments included in the questionnaire (LEAF-Q, FAST and
EDS-R) need to have internal consistency reliability. This refers to the degree to which the
instrument measures exactly what it claims to measure (i.e., the items should all measure the
same construct so should be correlated as a group; Taber, 2018). Cronbach’s alpha (a;
Cronbach, 195) is the most widely used coefficient for assessing internal consistency of the
instrument within the recruited sample, being described as “one of the most important and
pervasive statistics in research involving test construction and use” (Cortina, 1993). Alpha
statistics range from 0 to 1 to indicate a lower-bound estimate of reliability (i.e., how much
construct items covary; Cronbach, 1951). Higher item covariance produces a higher alpha
statistic which is associated with greater confidence in the instrument constructs and
conclusions drawn (Cortina, 1993). However, Cronbach’s alpha must be used and interpreted

with caution.
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Alpha scores are interpreted and described differently across the literature and a
unanimous threshold for alpha does not exist. Yet it remains many authors consider the
arbitrary value of 0.70 as an adequate level of internal consistency (Taber, 2018). Such
estimates of alpha cannot be generalised across all situations. A high estimate of alpha may not
equate to internal consistency as alpha is influenced by instrument length (i.e., alpha can be
improved simply by adding more items). Finally, a maximum alpha of 0.90 is recommended
as very high alpha scores may suggest redundancy among the items. Due to these limiting
factors of alpha, it is suggested reliability work also include further inferential statistics (i.e.,
confidence intervals, standard error scores, the Spearman-Brown coefficient or power
calculations; Taber, 2018). Additionally, the instruments also need to demonstrate validity
which may include concurrent validity and discriminant validity. Concurrent validity is the
degree to which an instrument correlated with similar instruments that measure similar
constructs (Portney & Watkins, 1998). Discriminant validity refers to the degree to which an
instrument offers two distinct results when measuring two different constructs (Portney &

Watkins, 1998).

3.5.1 LEAF-Q

The twenty-five item LEAF-Q (Appendix 5) was developed as a self-report screening
tool to identify female athletes at risk of developing LEA. Following verification of the
relevancy from a collective of clinical experts in medicine, endocrinology, gastroenterology,
and sports nutrition, physiological symptoms associated with long-term LEA were included as
variables in the LEAF-Q (Melin, et al., 2014). These included injury frequency, gastrointestinal
symptoms, and menstrual dysfunction (MD). Questionnaire data were marked and scored by
the author of this thesis according to the LEAF-Q scoring key where an individual can score a

minimum of 0 and maximum of 49 (Appendix 5). A total score > 8 is considered as at risk of
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LEA and a score < 8 is considered low risk. Suggested cut-offs for injuries, gastrointestinal

disturbances, and MD are > 2, > 2 and > 4, respectively (Melin, et al., 2014).

The reliability and validity of the LEAF-Q and the self-reported symptoms reported in
the LEAF-Q were assessed in a group of endurance athletes (long-distance runners and
triathletes), and professional dancers (n=37; Melin, et al., 2014). To assess internal consistency
reliability, a test-retest was performed over a 2-week period and Cronbach’s o was used to
assess LEAF-Q variables. To assess discriminant validity, two sample t-tests were used to
assess significant differences between the groups (i.e., low versus high EA), for the mean item
score of each variable. Pearson’s correlation coefficient (r) was used to assess concurrent
validity and associations between the total score, variables, and Triad conditions (Melin, et al.,
2014). Overall, the LEAF-Q was validated in female endurance athletes (Cronbach’s a.=0.71).
Atotal LEAF-Q score > 8 produced a sensitivity of 78% and a specificity of 90% for accurately

classifying current EA and/or reproductive function and/or bone health (Melin, et al., 2014).
3.5.2 FAST

The thirty-three item FAST (Appendix 6) was developed specifically for the female
athlete to identify DE attitudes and behaviours. The FAST incorporates two different four-item
Likert scales, three ranked items, and one dichotomous item. An example question consists of,
“During training, I control my fat and calorie intake carefully”. Questionnaire data were
marked and scored by the author of this thesis according to McNulty, et al., (2001), where

questions are scored on a four-point Likert-type scale:

= 1 point =responses of strongly disagree; never; monthly or less; <30 minutes; no significant
injuries.

= 2 points = responses of disagree; rarely; weekly; 30-45 minutes; 1-3 times.

= 3 points = responses of agree; sometimes; 2+ times a week; 45-60 minutes.
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= 4 points = responses of strongly agree; frequently; daily; 2+ hours responses.

A total FAST score of 79-94 indicates subclinical DE and a score > 94 indicates a clinical ED.

An individual can score a minimum of 33 and a maximum of 132 (McNulty, et al., 2001).

The reliability and validity of the FAST were assessed using three established groups:
University female athletes diagnosed with ED who participate in competitive athletics (n=12),
University female athletes without an ED who participate in competitive athletics (n=14), and
University females who did not participate in athletes but were diagnosed with ED (n=15). To
correct for learner effect, the FAST was randomly administered alongside three validated
psychometric assessment tools (EDE-Q, EDI-2, and the Bulimia Test-Revised) to determine
concurrent validity (McNulty, et al., 2001). Overall, the FAST demonstrated internal
consistency (Cronbach’s a = 0.87). Pearson’s correlation coefficient (r) demonstrated
concurrent validity between the FAST and the EDI-2 and EDE-Q, with higher FAST scores
associated with ED as identified by the EDI-2 (0.89, p < 0.001) and EDE-Q (0.60, p < 0.050).
Using a one-way analysis of variance to assess discriminative validity, it was demonstrated the
FAST can differentiate the unique characteristics of athletes with ED compared with athletes
without DE pathology, and non-athletes with ED (p < 0.001; McNulty, et al., 2001). These

findings agreed with seminal work by Affenito, et al., (1998).

3.5.3 EDS-R

The twenty-one item self-report EDS-R (Appendix 7) was developed to assess EXD
based DSM-IV criteria for substance dependence (Downs, et al., 2004). The EDS-R

incorporates the following seven subscales defined by Hausenblas and Downs (2002b):

=  Tolerance: defined as “either a need for increased amounts of exercise to achieve the
desired effect or a diminished effect occurs with continued use of the same amount of

exercise’”.
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Withdrawal: defined as “manifested by either the characteristic withdrawal symptoms for
exercise (e.g., anxiety, fatigue) or the same (or closely related) amount of exercise is taken
to relieve or avoid withdrawal symptoms”.

Continuance: defined as “exercise is continued despite knowledge of having a persistent or
recurrent physical or psychological problem that is likely to have been caused or
exacerbated by the exercise (e.g., continued running despite injury)”.

Lack of Control: defined as “a persistent desire or unsuccessful effort to cut down or
control exercise”.

Reduction in Other Activities: defined as “social, occupations, or recreational activities
are given up or reduced because of exercise”.

Time: defined as “a great deal of time is spent in activities necessary to obtain exercise
(e.g., physical activity vacations)”.

Intention Effects: defined as “exercise is often taken in larger amounts or over a longer

period than was intended”.

Questionnaire data were marked and scored by the author of this thesis according to the

‘EDS-21 Manual’ by Hausenblas and Downs (2002b), where questions are scored on a 6-point

Likert scale ranging from 1 (never) to 6 (always). A higher score reveals more EXD symptoms.

Subsequently, participants are classified as at risk for EXD, non-dependent-symptomatic (SY),

or non-dependent-asymptomatic (AS) based on the adopted DSM-IV criteria for substance

dependence. In line with Hausenblas and Downs (2002b), participants who indicate a score 5-

6 on the Likert scale on three or more of the seven subscales are classified as at risk for EXD.

Participants who indicate a score 3-4 on the Likert scale on three or more of the subscales, or

a combination of at least three criteria in the dependent (5-6) and SY (3-4) range and fail to

meet the criteria of at risk of EXD, are classified as SY. Finally, participants who indicate a
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score of 1-2 on the Likert scale on three or more of the subscales are classified as AS and

recognised as not reporting any EXD symptoms (Hausenblas & Downs, 2002b).

The reliability and validity of the EDS-R were assessed in a group (n=408) of physically
active (minimum of three, 1-h exercise sessions) male and female University students. To avoid
biased responding, the EDS-R was administered in a counterbalanced order alongside the
‘Leisure-Time Exercise Questionnaire’ and ‘Multidimensional Perfectionism Scale’ (Downs,
etal., 2004). Overall, the EDS-R demonstrated internal consistency (Cronbach’s a = 0.96). The
seven facets of exercise dependence were internally consistent with coefficient alpha ranges
from 0.78 to 0.92 (except for the Reduction in Other Activities subscale [Cronbach’s a = 0.67]
as a result of modifications for the EDS-R). The EDS-R has demonstrated strong psychometric
properties (i.e., content, and convergent validity, test-retest, and internal consistency reliability)

in previous research (Downs, et al., 2004).
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CHAPTER 4

PREVALENCE OF FEMALE
TRIATHLETES AT RISK OF LEA
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4.1 Introduction

Endurance and ultra-endurance sports worldwide have witnessed an exponential
growth in popularity with an increased attraction to the female athlete (Scheer, 2019; Knechtle,
Scheer, Nikolaidis & Sousa, 2020; Vitti, Nikolaidis, Villiger & Onywera, et al., 2020). This is
reflected by the gradual growth of female athletes competing in triathlon events, ranging from
sprint to ultra-distance triathlon, in recent times (Mountjoy, Thomas & Levesque, 2019).
Female triathlete participation rates range from 25% to 40% of the triathlon field (Lepers, RUst,
Stapley & Knechtle, 2013a; Wonerow, Rist, Nikolaidis & Rosemann, et al., 2017; Lepers,
2019). British Triathlon (2021a) recorded a total of 150,000 active racing triathletes in the 2019
season. An abundance of evidence exists supporting the benefits of endurance sport
participation, not limited to, improved cardiorespiratory fitness, improved mental health and
well-being, weight management, and improved memory and cognition (Ruegsegger & Booth,
2018). Although the health benefits are abundant, evidence exists that over-exercising or under-
fueling, occurring intentionally or inadvertently, poses risks for the female endurance athlete
that are distinct from their male counterparts (Ackerman, Stellingwerff, Elliot-Sale & Baltzell,

et al., 2020).

Previous studies have demonstrated that female athletes from leanness-sports (figure 2.9) have
a greater risk of developing LEA (Nattiv, et al., 2007; De Souza, et al., 2014; Mountjoy, et al.,
2014; 2018). LEA is defined as the imbalance between EIl and EEE, resulting in inadequate
energy to support bodily function and physiological processes (Loucks, et al., 2011; Mountjoy,
et al., 2018). To date, there are two schools of thought and subsequent conceptual models
regarding the negative health consequences associated with LEA: Triad (Nattiv, et al., 2007,
De Souza, et al., 2014) and RED-S (Mountjoy, et al., 2014; 2018). These models are outlined
and discussed in Chapter 2.3.2 of this thesis. Both models call attention to the implications of
LEA to health and performance. LEA risk is thought to be greater in leanness sports,
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particularly endurance sports, with prevalence rates ranging from 18% to 80% (table 2.2; Muia,
et al., 2016; Jesus, et al., 2021). Although limited studies exist within team sports, prevalence
rates for team or ball-based sports range from ~12% to 53% (Reed, et al., 2013; Condo,

Lohman, Kelly & Carr, 2019; Logue, et al., 2020).

Competing in triathlon may pose an increased risk for the female athlete. Triathlon
necessitates large volumes of frequent and intense training across three disciplines (swim, bike,
and run). This may result in significantly elevated EEE and therefore requires adequate
nutritional replenishment (Vescovi & VanHeest, 2016). Additional risk factors for the female
triathlete may be the potential desire for leanness for improved performance or DE behaviour
due to body image dissatisfaction (Mountjoy, et al., 2019; Thorpe & Clark, 2020). However,
additional data is required for non-elite female triathletes. Considerable research has been
undertaken to understand the adverse physiological sequelae documented in female athletes as
aresult of LEA (Mountjoy, et al., 2014; 2018). Currently, data is equivocal and further research
warranted for the determination of accurate LEA cut-offs for the athletic population. However,
if a reduction in El and/or an increase in EEE reduces EA below 30 kcal-kgLBM™-day, an
array of physiological processes is disrupted as the body systems adjust to reduce energy
expenditure (Loucks, et al., 2011). These are discussed in Chapter 2.3.3 and illustrated in figure
2.4. It is widely acknowledged that chronic LEA (from inadequate nutritional practices and/or
DE/ED and/or excessive energy expenditure) is the central pathological process leading to the
unfavourable health and performance consequences of Triad and RED-S (Ackerman, et al.,

2020; Logue, et al., 2020).

Existing studies concerning Triad and RED-S have stated that psychological stress
and/or depression manifested as DE represents a large percentage of cases of LEA. It is also
acknowledged that other circumstances without such a psychological underpinning may occur
such as poor nutritional and training knowledge (Mountjoy, et al., 2014; 2018). Recent work
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with long-distance runners has recognised endurance athletes with a proclivity for EXD, may
be at increased risk of LEA and they encouraged future work to address the potential
association between EXD, LEA, and RED-S (Turton, etal., 2017; Marques, et al., 2019; Logue,
et al., 2020). EXD, a behavioural addiction, is the compulsive need to partake in exercise
irrespective of harmful health consequences. It is characterised by uncontrollable excessive
exercise behaviour, strong exercise withdrawal symptoms, and a compromised social and
professional life (Hausenblas & Downs, 2002a; 2002b; Hausenblas, Schreiber & Smoliga,
2017; Cetin, Bulgay, Demir, & Cicioglu, et al., 2020). Analysis of relevant studies has shown
that EXD is often associated with perfectionism and DE/ED pathology in females (Cook, et
al., 2016), with endurance athletes at the greatest risk (Marques, et al., 2019). Whether an
association exists between EXD risk, DE/ED symptoms and LEA risk among female triathletes

is less known.

Previous prevalence studies have investigated elite female middle- and long-distance
runners and race walkers (800m — 50km), demonstrating an overall prevalence of 31% for LEA
with 37% showing signs of amenorrhea (Heikura, et al., 2018a). Prevalence data amongst elite
female endurance athletes found 20% had LEA and 28% were diagnosed with DE/ED (Melin,
etal., 2014). Study results from elite and recreational female athletes at the Comrades Marathon
revealed 44% were at risk of LEA and one-third were at risk of DE/ED (Folscher, et al., 2015).
Although sample size was small (n=15), a cross-sectional study reported 60% of female
triathletes were in a calorific deficit consistent with DE pathology and 40% had a history of
amenorrhea (Hoch, et al., 2007). Overall prevalence of EXD risk is estimated to range between
2% and 10% across an array of sports (Marques, et al., 2019). A recent study amongst amateur
male triathletes indicated the prevalence of risk for EXD was 9% with 60% classified as
symptomatic (Tallon & Palomero, 2017). Prevalence data amongst female triathletes at any

performance level is lacking.
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Furthermore, the majority of EA research has been conducted in elite female athletes,
single-sport endurance athletes, high school or University athletes, team sports or dancers
(Logue, et al., 2020). Despite the increased scientific attention on Triad and RED-S and the
recommendation to determine the severity of the issue across a variety of athletic populations
(De Souza, et al., 2014; Mountjoy, et al., 2014; 2018), the number of studies investigating
multi-sport endurance events are limited. It could be argued that based on the prevalence of
LEA in single-sport endurance events, such as running or cycling, athletes participating in
multi-sport endurance events would be at an increased risk due to the increased training
demand. Thus, more data are needed in competitive female triathletes examining the
prevalence of those at risk of LEA, DE/ED, and EXD. Furthermore, it is important to
investigate the potential relationship between these components in female triathletes, as this
may have implications for screening and early detection of psychological risk factors for Triad
or RED-S. Accordingly, this study aimed to explore LEA, DE/ED, and EXD in competitive

female triathletes.

Objectives:

1) Investigate the prevalence of those at risk of LEA, DE/ED risk, and EXD in competitive
female triathletes.
2) Investigate possible associations between LEA, DE/ED and EXD in competitive female

triathletes.
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4.2. Materials and methods

4.2.1 Research design

This cross-sectional, descriptive study required participants to complete an anonymised
online questionnaire — the ‘Female Health Questionnaire’. The study formed part of a larger
investigation, including LEA risk, eating attitudes, and EXD trends regarding age groups (study
2) and performance level (study 3). The study was reviewed and granted ethical approval
(Appendix 1) from the University of Sunderland Research Ethics Group and conducted in
accordance with the Declaration of Helsinki (2013). All participants took part in the study
voluntarily, were provided with information specifying the study details including inclusion
and exclusion criteria (table 3.1), provided implied consent for the data to be used in the study

and no participation incentives were offered (outlined in Chapter 3.2 — 3.4, Appendices 1-3).

4.2.2 Participants

Recruitment posters for healthy, pre-menopausal, female triathletes, aged 18 or over
were arbitrarily advertised via social media platforms (Facebook, Instagram, and Twitter),
supported by flyers and word-of-mouth approaches when relevant. Participants were asked to
complete the anonymous online ‘Female Health Questionnaire’ after reading the information
sheet (including inclusion and exclusion criteria) and providing implied consent (Appendix 2-
3). Table 3.1 (Chapter 3) outlines the inclusion ad exclusion criteria for study 1 — exclusion

criteria included:

e Male

e Aged < 18 years

e Menopausal or post-menopausal

¢ Non-triathlete or not currently participating in triathlon

o LEAF-Q exclusion criteria by Melin, et al., 2014; pregnant, breastfeeding, chronic illness,
use of forms of contraceptive other than oral (i.e., hormonal coil) which can lead to false

positives
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e Incomplete questionnaire
e Unable to understand study requirements

e Unable to provide implied consent

Table 4.1 outlines participant recruitment, exclusion and inclusion into the final study
sample for study 1. N=393 individuals were included in the final analysis for study 1 and
although a large reduction in the original sample size is evident, a sample size of N=393 met
the calculated sample size estimation for the cross-sectional study. Based on a population size
of 10,000 registered female triathletes with British Triathlon (British Triathlon, 2021a), a
sample size estimation of n=370 was calculated for study 1, with a confidence level of 95%
and a 5% margin of error (Qualtrics, London, UK). Study 1 sample size also falls within the
sample size range previously reported in LEA prevalence studies (range 10 to 833; Schaal, et

al., 2011a; Logue et al., 2019 — table 2.2).

Table 4.1 Sample size for study 1

N recruited Excluded Included

N =878 N=36 post-menopausal or non-triathlete N =393
N=303 LEAF-Q exclusion (pregnant, breastfeeding,
chronic illness, use of forms of contraceptive other than
oral; increase false positive; Melin, et al., 2014)

N= 146 Female Health Questionnaire incomplete

4.2.3 Data collection

The online ‘Female Health Questionnaire’ was constructed and distributed (via a URL)
using the Qualtrics electronic management system (Qualtrics, London, UK) during

recruitment. The self-administered, online questionnaire was accessible for a four-week period
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between October 2019 and November 2019 to female triathletes, after which time the URL was
deactivated. Questionnaire data were then marked and scored by the author of this thesis

between December 2019 and January 202 as outlined in Chapter 3.

4.2.4 Questionnaire data

Demographic data included self-reported age, nationality, self-reported height and
weight, self-identified competitive level, and average weekly training time. This is in line with
previous research by Folscher, et al., (2014), Melin, et al., (2014) and Slater, et al., (2015). To
identify athletes at risk of developing LEA, DE/ED, and EXD, the ‘Female Health

Questionnaire’ incorporated all items of the LEAF-Q, FAST, and EDS-R, respectively.

The twenty-five item LEAF-Q (Chapter 3.4.1) was developed to identify female
athletes at risk of developing LEA by utilising subsets of injury frequency, gastrointestinal
disturbances, and menstrual function (Melin, et al., 2014). The LEAF-Q was validated in
endurance athletes (Cronbach’s a = 0.71) with a total LEAF-Q score >8 producing a sensitivity
of 78% and a specificity of 90% for accurately classifying current EA and/or MD and/or bone
health (Melin et al, 2014). Based on established cut-offs for the LEAF-Q (Melin et al, 2014),
individuals with a total score >8 were classified as at risk of LEA. In addition, the individual
component scores were analysed to assess increased risk and/or incidence of injury (total subset
score >2), gastrointestinal disturbances (total subset score >2), and menstrual function (total

subset score >4).

The thirty-three item FAST (Chapter 3.4.2) was developed to identify DE/ED behaviours in
athletes (Cronbach’s a = 0.87; McNulty, et al., 2001). Correlation analysis demonstrated high
concurrent validity between the FAST and the EDI-2 and EDE-Q, with higher FAST scores
associated with greater incidence of ED as identified by the EDI-2 (0.89, p < 0.001) and EDE-

Q (0.60, p <0.050). The FAST also demonstrated discriminant validity by differentiating
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between the unique characteristics of athletes with ED compared with athletes without DE
pathology and non-athletes with ED (p <0.001; McNulty et al, 2001). Based on accepted
established cut-offs for the FAST, individuals with a total FAST score < 79 were classified as
‘no ED’, a score of >79 to <94 were classified as subclinical DE, and those with a score >94

were classified as clinical ED (McNulty et al, 2001).

The twenty-one item self-report EDS-R (Chapter 3.4.3) was developed to assess EXD
based on DSM-1V criteria for substance dependence (Downs, et al., 2004). Seven facets of
EXD were assessed on a six-point Likert scale ranging from 1 (never) to 6 (always): Tolerance
(Cronbach’s a = 0.78), withdrawal (Cronbach’s a = 0.93), intention effect (Cronbach’s a =
0.92), lack of control (Cronbach’s a = 0.82), time (Cronbach’s a = 0.88), reductions in other
activities (Cronbach’s a = 0.67), and continuance despite physical/psychological consequences
(o = 0.89). The total summed score to assess global EXD demonstrated high internal
consistency (Cronbach’s .= 0.96; Downs, et al., 2004). Participants were classified as: at risk

for EXD, SY or AS.

4.2.5 Statistical analysis

All statistical analyses were performed using SPSS (V.25; IBM Company, SPSS Inc.,
Chicago, USA). Data normality was assessed by Shapiro-Wilk which is more sensitive than
the Kolmogorov-Smirnov test to sample sizes as large as 2000 (Mishra, Pandey, Singh &
Gupta, et al., 2019). Normally distributed data were reported as mean = SD and non-normally
distributed data as median (interquartile range [IQ]). Descriptive statistics were calculated for
demographic data and self-reported performance. Frequency analysis was undertaken for key
components of the LEAF-Q, FAST and EDS-R questionnaire scores. Non-normally distributed
data was compared using a Mann-Whitney U test to compare differences in participant

characteristics between LEAF-Q groups. Similarly, Kruskal-Wallis tests were used to compare
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differences in participant characteristics between FAST and EDS-R groups. For non-normally
distributed data, Spearman Rank correlations (Sr) and chi-square tests were used to assess
associations between the LEAF-Q, FAST and EDS-R scores. Subsequently, binary logistic
regression (BLR) was performed to ascertain the association between eating attitudes (FAST)
and exercise behaviour (EDS-R) on the likelihood that participants were low risk for LEA.
Plus, BLR was performed to ascertain the association of exercise behaviour (EDS-R) on the
likelihood that participants were at risk of DE behaviour (FAST). Statistical significance was

set a priori at p <0.05.

4.3 Results

4.3.1 Participant characteristics

N=393 individuals who met the inclusion criteria (table 3.1 — chapter 3) were included
in the final analysis of study 1. Participant characteristics for the LEAFQ-Q, FAST, and EDS-
R included in the ‘Female Health Questionnaire’ are presented in table 4.2. Values of 0.1, 0.3
and 0.5 are commonly indicative of small, moderate, and large effects (Cohen, 1988).
Participants classified as at risk for LEA (LEAF-Q) spent significantly more hours training per
week, however this was a small effect (Cohen’s d 0.17 - table 4.2). Participants classified with
ED (FAST) were significantly younger than those classified with DE or with no ED, however
this was a small effect (Cohen’s d 0.24 - Table 4.2). Participants classified with ED had a
significantly lower body mass than those with DE (small Cohen’s d 0.23), however, those with
DE had a significantly higher BMI than those with no ED (small Cohen’s d 0.22; Table 4.2).
Similarly, participants categorised at risk of EXD (EDS-R) were significantly younger than
those classified as symptomatic (SY) or asymptomatic (AS; moderate to large d 0.46 - Table
4.2). Finally, those at risk of EXD and those classified as SY spent significantly more time

training per week than AS individuals (moderate to large d 0.48 - Table 4.2).
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Table 4.2. Participant characteristics and training load

LEAF-Q FAST EDS-R
Total AtRisk  Not at Risk No ED DE ED Asymptomatic ~ Symptomatic At Risk
n=165 n=228 n=260 n=99 n=34 n=130 n=229 n=34
Age 36 (13) 35 (14) 37 (12) 36(12) 36 (13) ™ 31 (15) =3 39(12)7 35(12)" 31 (16)"7
(years) (18-54) | (18-54) (18-52) | (18-53) (18 — 54) (18 — 48) (20— 52) (18—54)  (18—48)
'(49;9“‘ 1.66 (0.09) | 1.65(0.09) 1.67(0.08) | 1.67(0.09)  1.65(0.08) 164(0.11) | 1.65(0.08)  1.67(0.09) 167 (0.09)
m

Mass 64.0 (12.0) | 63.0(13.0) 64.0(11.0) | 64.0(120) 67.0(11.0)™ 61.0(125)™ | 64.0(140)  64.0(11.0) 60.0(10.5)
(ka)
BMI 230(43) | 230(52) 231(40) | 22.8(43)" 237(44)"°  22.7(6.) 23.2 (4.7) 23.0(41) 219 (44)
(kg-m?)
Trainngtime | 1L0(65) |120(85)" 106(60)| 110(60)  120(56)  125(5) | 100(55)%° 12060 128(42)°
! Weel?) (29-420) | (29-42.0) (3.0-30.0) | (29-420) (3.0-260) (50-240) | (29-330) (3.0-420) (5.0-30.0)

BMI, body mass index; DE, disordered eating; ED, eating disorder; LEAF-Q, low energy availability in female’s questionnaire; FAST, female athlete screening
tool; EDS-R, exercise dependence scale revised.
Data presented as median (interquartile range) or range in parentheses; n=393.

"L 79 Significant difference between groups, p <0.001. "% 3 4568 Sjgnificant difference between groups, p <0.050.
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4.3.2 LEAF-Q scores and key components

LEAF-Q descriptive data are presented in Table 4.3. Nearly half (42%) of participants
are classified as being at risk of LEA according to the LEAF-Q (Figure 4.1). When assessing
the individual LEAF-Q component scores, over half of all participants (62%) met the
component cut-off score >2 for increased incidence of injury (Table 4.4). More participants
met the component cut-off score >2 for increased gastrointestinal disturbances (77%; Table
4.4). 27% of participants met the component cut-off score >4 for disrupted menstrual function

(Table 4.4),

Of those participants who scored >2 for the LEAF-Q injury component (n = 243), the
most common reported injuries were muscular strain/tears, knee injuries, Achilles’
tendonitis/ankle injuries and stress fractures (Appendix 8.1). Of those participants who scored
>2 for the LEAF-Q gastrointestinal disturbances component (n = 303), the most common
disturbances were related to bloating/gaseous abdomen opposed to cramps or stomach-ache
when not menstruating (Appendix 8.1). Finally, of those who scored >4 for the LEAF-Q
menstrual function component (n = 146), 52% of those who were capable of menstruation

reported the cessation of menstruation with heavy training loads (Appendix 8.1).

4.3.3 FAST scores and key components

FAST descriptive data are shown in Table 4.3. 25% of participants were classified with
DE and 9% with ED according to FAST scores (Figure 4.1). The percentage of participants
who scored >3 points for FAST items (described in Chapter 3.4.2) are presented in Appendix
8.2. Sport participation is considered an important facet for their self-esteem according to 78%
of participants, with 93% believing they have a lot of good qualities and 65% striving for
perfection in all aspects of their life (Appendix 8.2). Most believed triathlon performance was

related to their weight with 70% expecting performance improvements with weight reduction
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and 74% worried that weight gain would impair performance (Appendix 8.2). Although, most
(80%) acknowledged that as an athlete they were very conscious about consuming adequate

calories and nutrients on a daily basis (Appendix 8.2).

Diet control during training was reported with 52% of participants controlling fat and
calorie intake and 41% limiting carbohydrate intake (Appendix 8.2). 75% recognised they
would worry about weight gain if they could not exercise and diet control during periods of
injury or absence from training was reported with 70% reporting restricted calorie intake during
these periods (Appendix 8.2). However, diet control did not report a high prevalence (10% to
11%) of behaviours typically associated with DE/ED such as, avoidance of food with >3 gram
of fat, skipping meals due to alcohol consumption or taking dietary or herbal supplements to
increase metabolism or assist in fat burning (Appendix 8.2). Regarding body dissatisfaction,
58% were not happy with their current weight and 60% were concerned about their body fat
percentage (Appendix 8.2). Finally, almost 4 in 10 participants have used methods to keep their
weight down that they perceive to be unhealthy and 47% believe most female athletes have DE

habits (Appendix 8.2).

4.3.4 EDS-R scores

EDS-R descriptive data are shown in Table 4.3. 58% of participants were classified as
symptomatic and 9% at risk of EXD according to EDS-R scores (Figure 4.1). Of those
considered at-risk of EXD, ‘lack of control’, ‘withdrawal effects’ and ‘time’ (described in
Chapter 3.4.3) were the most frequent EDS-R components in those participants classified at

risk of EXD (n = 34; Table 4.5).
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Figure 4.1. Prevalence of risk for LEA (A), DE/ED (B) and EXD (C).

No ED; no eating disorder, DE; disordered eating, ED; eating disorder, LEAF-Q; low energy
availability in female’s questionnaire, FAST; female athlete screening tool, EDS-R; exercise
dependence scale-revised. Data presented as percentages.

Table 4.3. Response data for LEAF-Q, FAST and EDS-R questionnaires scores.

Mean STDEV Median [IQR] [Min, max]

Total (n=393) 7 4 7 [6] [0; 21]
LEAF-Q  AtRisk (n=165) 11 3 10 [4] [8; 21]
Not at Risk (n=228) 4 2 4 [3] [0; 7]
Total (n=393) 73 15 72 [23] [42; 112]
No ED (n=260) 65 9 66 [14] [42; 78]
FAST DE (n=99) 86 4 86 [6] [79; 94]
ED (n=34) 101 5 101 [7] [95; 112]
Total (n=393) 21 6 20 [7] [7;42]
Asymptomatic (n=130) 15 3 15 [4] [7; 21]
EDS-R Symptomatic (n=229) 23 3 22 [5] [16; 33]
At Risk (n=34) 33 4 331[4] [24; 42]

STDEV; standard deviation, IQR; interquartile range, DE, disordered eating; ED, eating disorder; LEAF-Q,
low energy availability in females’ questionnaire; FAST, female athlete screening tool; EDS-R, exercise
dependence scale revised.
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Table 4.4. Prevalence of risk for LEAF-Q components.

LEAF-Q Component Cut-off Score Frequency Percent
At Risk 243 62
Injury” Not at Risk 150 38
At Risk 303 77
Gastrointestinal™ Not at Risk 90 23
At Risk 104 27
Menstrual ™ Not at Risk 289 74

Cut-off score to be classified as at risk: * >2, ** >2, and *** >4

Table 4.5. Frequency of those who meet the cut-off score (=5) for the seven subscales

of the EXD-R as reported by female triathletes classified as at risk for EXD (n = 34).

EDS-R questionnaire component Frequency Percent
1. Withdrawal effects 27 79
2. Continuance 23 68
3. Tolerance 23 68
4. Lack of control 30 88
5. Reduction of other activities 25 74
6. Time 26 7
7. Intention effects 21 62

EDS-R, exercise dependence scale-revised; EXD, exercise dependence
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4.3.5 Correlative analysis

As shown in Table 4.6, a weak but significant (p <0.001) positive correlation was
observed between LEAF-Q and FAST scores with an R?of 11% (6, 18%). Similarly, there was
a weak, but significant (p <0.001) positive correlation observed between LEAF-Q and EXD-R
scores with an R? of 9% (4, 16%) and between FAST and EXD-R scores with an R? of 23%

(16, 31%) as shown in Table 4.6.

Table 4.6. Summary of bivariate correlations.

Variables rs P R?2(%) R?(%)95% R? (%) 95% CI
ClI lower upper
LEAF-Q score and FAST score 0.330 <.001 11 6 18
LEAF-Q score and EDS-R score 0.305 <.001 9 4 16
FAST score and EDS-R score 0.480 <.001 23 16 31

Cl, confidence interval; LEAF-Q, low energy availability in female’s questionnaire; FAST, female

athlete screening tool; EDS-R, exercise dependence scale-revised

4.3.6 Cross-tabulation

The cross-tabulation of FAST and LEAF-Q categories (Table 4.7) demonstrated more
athletes at risk for developing low EA in the groups with DE and ED than expected under the
null hypothesis of no association (count vs. expected count). The cross-tabulation of EXD-R
and LEAF-Q categories (Table 4.8) demonstrated more athletes at risk for developing low EA
in the symptomatic and at risk of EXD groups than expected under the null hypothesis of no
association (count vs. expected count). Finally, the cross-tabulation of FAST and EXD-R
categories (Table 4.9) demonstrated more athletes at risk of EXD in the group with ED and
more athletes with a symptomatic profile for EXD in the group with DE than expected under

the null hypothesis of no association (count vs. expected count; Table 4.9).
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Table 4.7. Cross-tabulation of Female Athlete Screening Tool and Low Energy Availability in Female’s Questionnaire score categories.

Classification At Risk of Low EA Not at Risk of Low EA Total
Count 82 178 260
No eating disorder Expected Count 109.2 150.8
Column % 49.7 78.1 66 % of 393
Count 59 40 99
Disordered eating Expected Count 41.6 57.4
Column % 35.8 17.5 25% of 393
Count 24 10 34
Eating disorder Expected Count 14.3 19.7
Column % 14.5 4.4 9 % of 393
Pearson chi-square = 35.675; degrees of freed om = 2; p = <.001.
Table 4.8. Cross-tabulation of Exercise Dependence Scale-Revised and Low Energy in Female’s Questionnaire score categories.
Classification At Risk of Low EA Not at Risk of Low EA Total
Count 40 90 130
Asymptomatic Expected Count 54.6 75.4
Column % 24.2 39.5 33% of 393
Count 102 127 229
Symptomatic Expected Count 96.1 132.9
Column % 61.8 55.7 58% of 393
Count 23 11 34
At Risk of Exercise Expected Count 14.3 19.7
Dependence Column % 13.9 4.8 9% of 393

Pearson chi-square = 16.521; degrees of freed om = 2; p = <.001.
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Table 4.9. Cross-tabulation of Exercise Dependence Scale-Revised and Female Athlete Screening Tool score categories.

Classification Asymptomatic Symptomatic At Risk of Exercise Dependence Total
Count 112 134 14 260
No eating disorder ~ Expected Count 86.0 151.5 22.5
Column % 86.2 58.5 41.2 66.2% of 393
Count 18 34.1 7 99
Disordered eating Expected Count 32.7 74 8.6
Column % 13.8 57.7 20.6 25.2% of 393
Count 0 21 13 34
Eating disorder Expected Count 11.2 19.8 2.9
Column % 0 9.2 38.2 8.7

Fisher’s Exact = 63.012; degrees of freed om = 2; p =.000.
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4.3.7 Logistic regression

BLR was performed to ascertain the association of eating attitudes (FAST) and exercise
behaviours (EDS-R) on the likelihood that participants were at low risk of low EA. The logistic
regression model was statistically significant, 2 (2) = 39.916, p < .001. The model explained
13% (Nagelkerke R?) of the variance in low EA and correctly classified 66% of cases.
Sensitivity was 54%, specificity was 75%, positive predictive value was 61% and negative
predictive value was 31%. Of the two predictor variables, both eating attitudes and exercise
behaviours were statistically significant (Table 4.10). Participants with no ED had 3.375 times
higher odds of being low risk of low EA than those with DE/ED. Similarly, participants not at
risk of EXD had 2.489 times higher odds of being low risk of low EA than those at risk of

EXD.

Further to this, BLR was performed to ascertain the association of exercise behaviour
(EDS-R) on the likelihood that participants were considered at risk of DE/ED (FAST). The
logistic regression model was statistically significant, y? (1) = 9.745, p < .002. The model
explained only 3.4% (Nagelkerke R?) of the variance in eating attitudes and correctly classified
68% of cases. Exercise behaviour was a statistically significant predictor variable as shown in
Table 4.11. Participants considered not at risk of EXD had 3.110 times higher odds of not

having DE/ED than those at risk EXD.
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Table 4.10. Binary Logistic Regression predicting likelihood of low EA based on eating attitudes (FAST) and exercise behaviours (EDS-R).

95% CI for Odds Ratio

B SE Wald Df P Odds Ratio Lower Upper
FAST (No DE/ED) 1.216 .226 28.975 1 <.001 3.375 2.167 5.255
Not at-Risk LEAF-Q  EDS-R (No EXD) 912 .399 5.217 1 022 2.489 1.138 5.445

Chi-square = 39.916; degrees of freed om = 2; p = <.001.
Reference category = at risk of low EA
LEAF-Q, low EA in female’s questionnaire; DE, disordered eating; ED, eating disorder; FAST, female athlete screening tool; EXD, exercise dependence, EDS-R, EXD

scale-revised.

Table 4.11. Binary Logistic Regression predicting the likelihood of disordered eating behaviour (FAST) based on exercise attitudes (EDS-R).

95% CI for Odds Ratio
B SE Wald Df P Odds Ratio Lower Upper

No DE/ED FAST EDS-R (No EXD) 1.135 .367 9.583 1 .001 3.110 1.516 6.379

Chi-square = 9.745; degrees of freed om = 1; p =.002.
Reference category = DE/ED (FAST).

DE, disordered eating; ED, eating disorder; FAST, female athlete screening tool; EXD, exercise dependence; EDS-R, exercise dependence scale-revised.
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4.4 Discussion

The present study aimed to investigate the prevalence of and potential associations
between LEA, DE/ED and EXD in competitive female triathletes. The principle findings were
that: 1) 42% of participants were classified as at risk of LEA, 25% with DE and 9% ED
symptoms, and 9% were at risk of EXD. 2) Participants were less likely to be at risk of LEA if
they were classified as having no DE/ED or they were not at risk of EXD, and 3) participants
were more likely to be at risk of EXD if they were classified with ED and participants were
more likely to be at risk of being symptomatic for EXD if they were classified with DE.
Furthermore, 4) both eating attitudes and exercise behaviour were significant predictors of LEA

and EXD was a significant predictor of DE/ED risk in this population.

The findings of study 1 are the first to examine a cohort of female triathletes to
investigate the prevalence of LEA, DE/ED, and EXD. Study 1 found female triathletes are a
sub-group at risk of developing LEA which may increase the risk of developing Triad or RED-
S. LEA in female triathletes may be underpinned by known risk factors, such as, inadequate
nutritional practices (with or without DE/ED) or it may be underpinned by excessive energy
expenditure (with or without EXD). Current findings suggest the development of LEA is not

restricted to elite female athletes or single-sport endurance events.

441 LEA

In the present study, LEAF-Q scores classified 42% (n=165) of participants as at risk
of LEA. Such findings are in line with prevalence data reported by Slater, et al., (2016) who
examined the prevalence of LEA in female recreational exercisers (n=109) from both
individual and team sports in New Zealand. It was found that 45% (n=49) of participants were
classified as at risk of LEA and significantly more participants from individual sports were

classified as at risk (70%) compared with team sports (35%). These authors speculated the
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higher prevalence observed in individual sports may be due to the emphasis on aesthetics. One
difference between the studies was Slater, et al., (2016) not screening for DE behaviour
alongside the LEAF-Q, as recommended by Melin, et al., (2014). This makes it difficult to
identify the potential cause of the LEA identified as the LEAF-Q alone only investigates the
physiological consequences of persistent energy deficiency and not the causes (Melin, et al.,
2014). The 10C have also suggested that where screening for LEA should be accompanied by
screening for DE/ED and vice versa to facilitate the detection of underlying causes (Mountjoy,

etal., 2014; 2018).

Folscher, et al., (2015) reported 44% (n=134) of elite and recreational South-African
ultra-marathon runners were classified as at risk of LEA by the LEAF-Q. The authors believed
it likely a result of the high volume of training and a lack of knowledge around the implications
of inadequate nutritional practices. In contrast to the current study, the mean age (40 years) of
participants indicated a mature population and included participants who were classified as
post-menopausal, had a history of previous hysterectomy or were using contraceptives other
than oral (i.e., hormonal coil or implant) in the analysis. Post-menopausal females may be
considered a potential at risk group for the consequences of LEA due to the increased
osteoporosis risk resultant from hypo-estrogenic state, however, more research in relation to
the additional effects or prevalence of LEA in this population are required (Kataoka, Luo,
Chaimani & Onishi, et al., 2020). The LEAF-Q has been validated in endurance athletes,
however, its use with post-menopausal females may not be applicable and lead to false
positives. It highlights the importance of differential diagnosis to establish the origin of the
menstrual function component of the LEAF-Q, via the clinical evaluation of sex hormones and
ultrasound by a skilled gynaecologist, to avoid under-or-over estimating LEA risk (Melin, et

al., 2014).
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The current study reported a high prevalence of individuals considered at risk of LEA
reporting an increased incidence of injury and gastrointestinal disturbances. A cross-sectional
study of Australian Olympic athletes (male: n=26; female: n=55) by Drew, et al., (2017)
supported associations between LEA risk and self-reported injury, illness, and gastrointestinal
disturbances. These findings suggest that athletes may display other physiological signs and
symptoms of LEA other than those traditionally expected. For example, not all female athletes
at risk of LEA will show clinical signs of menstrual dysfunction (MD) and not all female
athletes with MD are in a state of LEA. Thus, highlighting the complexity of identifying
individuals at risk of LEA (Melin, et al., 2015; Drew, et al., 2017). Taken together with current
findings, it is important that female athletes presenting with physiological symptoms beyond

that of MD are evaluated for LEA.

To our knowledge, this is one of the first studies to focus exclusively on screening a
large cohort of competitive female triathletes for the prevalence of LEA. However, an early,
small cross-sectional study of club-based female triathletes reported 60% (n=9) were in a
calorific deficit and 40% had a history of amenorrhea (Hoch, et al., 2007). Authors proposed
the calorific deficit was consistent with DE pathology in this group of athletes. Although a
potential acute response to racing opposed to normal behaviour, a cross-sectional study
investigating the EB of Ironman distance triathletes reported female participants (n=8) were in
a significant negative EB post-race (Kimber, Ross, Mason & Speedy, 2002). Both studies
highlighted the high training volume required for triathlon and the importance of adequate
fueling. However, this may not be representative of the population of triathletes due to the

small sample size recruited in both studies.

Taken together, these studies have suggested a prevalence rate of athletes at risk of LEA
ranging from 44% to 69% across a variety of endurance sports, which agrees with the current
study. Not all studies have agreed with such a high prevalence of athletes at risk of LEA. For
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example, Melin, et al., (2015) found 20% of elite female endurance athletes had LEA status
with 28% diagnosed with DE symptomology and Heikura, et al., (2018b) found 31% of elite
female middle- and long-distance runners and race walkers were at risk of LEA. Unfortunately,
even the lowest prevalence in the reviewed studies at 20% indicates at least one in five athletes
are at risk of LEA. The variability in prevalence may be explained by several factors:
competitive level (recreational to elite), age, endurance sport category (single-sport or multi-
sport), event distance (short to ultra-distance), and the measurement of EA (direct or self-
report). The disparity and often small sample sizes recruited may to explain the variability in
prevalence rates. Studies with larger sample sizes, as in the current study, may lead to more

accurate or representative results of the population.

4.4.2 Eating attitudes

The frequent occurrence of DE and ED in female athletes in comparison to the general
population has been long established in the literature (Sundgot-Borgen & Torstveit, 2004).
Ackerman, et al., (2020) further acknowledged the association between DE/ED and the
increased risk of developing LEA in the athletic population. This is in line with findings in the
current study where eating attitudes was a significant predictor of LEA status, with more female
triathletes displaying DE/ED considered at risk of LEA according to LEAF-Q scores. This
illustrates the importance of this problem and the potential implications on long-term health
and performance in female athletes. Plus, highlighting the significance of a multi-disciplinary
approach in the screening of athletes for LEA, Triad, or RED-S. However, the aetiology of
DE/ED is complex with many causal biopsychosocial factors, such as: age and pubertal
maturation, gender, genetics, serotonin and dopamine disturbances, media exposure, pressures
for thinness or thin-ideal internalisation, perfectionism, negative urgency, and negative

emotionality/neuroticism (Culbert, Racine & Klump, 2015). The interplay between these
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recognised biopsychosocial factors may explain the low predictive value of the FAST in the

current study.

Estimating the prevalence of DE/ED among athletes remains elusive as many of the
validated and standardised self-report DE/ED questionnaires are insensitive to the athletic
population. Often under-or-over estimating eating pathology (Joy, et al., 2016). For example,
DE/ED may be overestimated in athletes due to rigorous training programmes and eating
patterns, which may be essential for optimal performance. Conversely, excessive exercise in
the athletic population may reflect an athlete’s desire to enhance performance, rather than the
desire to burn calories to maintain a minimum body mass (Joy, et al., 2016). Notably, one of
the motivational variables used to describe the aetiology of DE/ED and most often utilised in
DE/ED questionnaires is a ‘drive for thinness’. However, not all athletes strive for ‘thinness’,
rather some athletes strive to reduce body fat while increasing muscle mass to enhance
performance or be underpinned by body image dissatisfaction. This ‘drive for leanness’ or body
image dissatisfaction may predispose athletes to DE/ED behaviours (Sears, Tracy & McBrier,

2012).

Nevertheless, in parallel with risk factors for LEA development, previous research has
highlighted leanness sports as having an increased risk for DE/ED (Joy, et al., 2016). A study
by Knechtle, et al., (2010) suggested body mass as being an important facet of performance in
triathletes as an excess of adipose tissue usually requires a greater muscular effort to accelerate
legs and, in theory, a higher energy expenditure during the cycle and run. This may lead some
athletes to develop an unhealthy fixation towards food and body mass in the pursuit of attaining
an ‘ideal’ physical attractiveness that is associated with enhanced performance, as was found

in the current study. Over time this may lead to DE/ED and the onset of LEA.
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Using the validated FAST to assess eating attitudes among athletes, the current study
found 25% (n=99) of female triathletes were classified with DE symptoms and 9% (n=34) with
ED, double that of general population rates (2-4%; Smink & Hoek, 2013; Dahlgren, Wisting
& Rg, 2017). Indeed, it is important to note that the current study did not assess the prevalence
of clinically defined DE/ED, per se. Future work would be advised to use the current gold
standard assessment of the EDE conducted by a trained clinical psychologist (Joy, et al., 2016).
A study assessing the prevalence of subclinical and clinical DE in elite female athletes
identified 42% of athletes from aesthetic and 24% from endurance sports presented with DE
symptoms (Sundgot-Borgen, et al., 2004). However, in a study comparing elite female athletes
(n=186) to age-group matched population-based controls (n=145), athletes from leanness
sports had a higher prevalence rate (47%) of ED than in non-leanness sports (20%) and controls
(21%; Torstveit, et al., 2008). Both studies used the gold standard assessment previously
described. Additional studies also reported a similar trend with authors proposing leanness
sports as the primary stimulus for body dissatisfaction and DE behaviours among female

athletes (Reinking & Alexander, 2005; Kong & Harris, 2015).

Collectively, these studies have suggested a prevalence rate of female athletes at risk of
DE pathology (including ED) ranging from 20% to 45% across a variety of leanness sports,
which agrees with the current study. However, the prevalence of DE pathology in non-elite
athletes, across all ages, in multi-sport endurance events is largely unknown. A study by
Mongrain, et al., (2018) investigated the prevalence of DE symptoms and concerns using the
EAT-26 in non-elite multi-sport endurance athletes (114 males and 48 females). It was found
only 6% of athletes were at risk of DE and represented 13% (n=6) of all female athletes
included in the study. The variability in the prevalence of DE/ED symptomatology may be
explained, at least partly, by the variability in sample size and in the tools used to determine

DE/ED. 1t is possible that some eating attitude questions were too sensitive and therefore
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subclinical and clinical DE symptoms may be underreported. Alternatively, it is possible that
athlete age or competitive level may attenuate the preoccupation towards body mass for

enhanced performance.

4.4.3 Exercise behaviours

Previous research has recognised the co-occurrence of addictive behaviours (Cook, et
al., 2014; Miiller, et al., 2015). DE behaviour and LEA in athletes have been associated with
psychological factors such as perfectionism, stress, anxiety, and depression (Mountjoy, et al.,
2014; 2018). Moreover, recent research by Turton, et al., (2017) have suggested the co-
occurrence of EXD in endurance athletes may increase the risk of negative health and
performance outcomes associated with LEA and subsequently Triad or RED-S. The current
study found 58% (n=229) of female triathletes displayed a symptomatic (SY) profile and 9%
(n=34) were classified at risk of EXD. This agrees with the estimated prevalence rates of 3-9%
across an array of sports (Marques, et al., 2019). Although prevalence data for EXD in female
athletes is lacking, a recent study among male triathletes indicated similar trends with 9%

classified with EXD and 60% as symptomatic (Talldn, et al., 2017).

Currently, research is limited on the relationship between EXD, eating attitudes and
LEA in the athletic population. Seminal work by Torstveit, et al., (2019) investigated the
associations in trained male endurance athletes (cyclists, triathletes, and long-distance runners).
It was found higher total EXD scores were associated with DE symptoms, higher training
volume with a negative EB, and biomarkers of LEA (RMR, RMRyatio, cortisol, testosterone,
insulin, IGF-1, T3 and glucose). Although these findings related to male athletes from both
single-sport and multi-sport endurance events, this is comparable with findings in the current
study where female triathletes classified as SY or at risk of EXD were more likely to be at risk

of LEA and DE behaviour. Additionally, EXD was a significant predictor of LEA and DE/ED
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risk in this population, further suggesting that EXD may increase exposure to the negative

health and performance consequences associated with LEA, Triad, and RED-S.

Nevertheless, results should be interpreted with caution as endurance sports require
large volumes and long periods of training in the pursuit of performance goals. Thus, making
it difficult to distinguish between healthy extreme exercise and pathological excessive exercise
(Mdiller, et al., 2015). Although EXD is not widespread, the aetiology of EXD is complex with
many causal factors, such as: a participant’s motivations to exercise, body dissatisfaction, stress
reduction, perfectionism, and compulsive/addictive personalities (Landolfi, 2013). Back, et al.,
(2019) found anxiety was the predominant risk factor underpinning EXD and obsessive passion
or exercise used as a coping strategy increased the risk of EXD. The interplay between these
established causes of EXD may explain the low predictive value of the EXD-R in the current

study.

4.4.4 Limitations

The current study should be interpreted with caution. To date there is no standardised
or reference guidelines in the literature for the accurate assessment of EA status or prevalence
of LEA which may be an impossible task to do accurately in free-living athletes (Mountjoy, et
al., 2018; Logue, et al., 2020). However, in line with previous prevalence studies (Folscher, et
al., 2015; Melin, et al., 2015; Heikura, et al., 2018a) and the most recent RED-S consensus
statement (Mountjoy, et al., 2018), the current study utilised screening tools (LEAF-Q) for
physiological symptoms of LEA and associated with Triad and RED-S, alongside an evaluation
of eating attitudes (FAST). Although screening may lead to an earlier diagnosis the complexity
of predicting health outcomes from screening data is well established (Bahr, 2016). In addition,
there is no consensus on which screening tool has the best efficacy, data is reported over various

time frames and there is no documented evidence for the proportion of false positives and
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negatives of screening tools assessing LEA status (Mountjoy, et al., 2018). Future work would
be advised to include both subjective and objective measures, such as biochemical markers of
LEA, which cannot be falsified and may increase the sensitivity of measures to determine
clinical signs and symptomology of those at risk. Though these measures too can be highly

variable between and within individuals.

Alongside prevalence, the current study examined potential associations between eating
attitudes and exercise behaviour as risk factors for LEA in female triathletes. However, the
sequence of events that led to the findings reported cannot be determined and cannot imply
causality. The current study is cross-sectional in design and future longitudinal studies with a
sufficient sample size are required to fully understand the development and consequences of
LEA. Nevertheless, combined with findings from previous research, the results are valuable in
highlighting at risk groups to aid and direct future screening, early detection, and target

awareness education.

4.5 Conclusion

Findings from this study showed that among our population of competitive female
triathletes a significant proportion were considered at risk of LEA which may be underpinned
by DE/ED or EXD. Thus, placing this group of athletes at increased risk for the development
of Triad or RED-S and the associated long-term health and performance consequences. It is
important we encourage female athletes to continue participating in multi-sport endurance
events as the health benefits are well established. However, further research in this area and
athletic population (i.e., role of age, performance level) is encouraged to further raise awareness
and advocate for early screening and detection. The identification of at-risk groups, as in the
current study, will facilitate athlete, coach and parent education and awareness. Coach and

parent education is imperative as they may be instrumental in the early detection of LEA, by
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recognising external warning signs (i.e., DE patterns, excessive exercise, increased injury, or a
decline in performance). Coaches have a responsibility to refer athletes to relevant health
professionals. This will safeguard the protection of athlete physical and mental health and

performance across all ages and levels of female participation in triathlon.
4.6 Statement of original contribution

= This is the first study to screen a large cohort of female triathletes (n=393) to estimate
the prevalence of risk for LEA, DE/ED and EXD.
= This is the first study to examine associations between LEA, DE/ED and EXD risk in

a large cohort of female triathletes.
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CHAPTER 5

INFLUENCE OF AGE ON THE

PREVALENCE OF LEA RISK IN FEMALE
TRIATHLETES
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5.1 Introduction

The unique endurance sport of triathlon comprises a sequential swim, cycle and run
over a variety of distances (see table 2.1) and under a variety of technical constraints. Each
discipline is connected by a brief transition (Bentley, et al., 2002; Millet, et al., 2011).
Irrespective of distance, competition is held between elite and non-elite athletes. Non-elite
athletes, referred to as Age-Groupers in the triathlon field, compete against other athletes within
the same 5-year age categories (Vleck, Millet & Alves, 2014). A continual growth in the
relative participation of female Age-Groupers has been evident. Over the last decades it appears
younger triathletes are more attracted to shorter distance triathlons (i.e., sprint or standard), and
master triathletes (aged > 40 years) more attracted to longer distance (i.e., [ronman; Lepers,
2020). It is thought the increased popularity of the shorter distances among younger triathletes,
particularly standard distance, may be due to its inclusion as an Olympic sport (Lepers, 2013a).
In contrast, the attraction of longer distances with advancing age has been associated with these
athletes potentially having more available time, resources, and more financial stability to train

and compete (Lepers, 2020).

Current literature in the field of triathlon has concentrated on profiling psychological
(Hodges, Augaitis & Crocker, 2016; Peiffer, Abbiss, Sultana & Bernard, et al., 2016),
physiological (Brisswalter, Wu, Sultana & Bernard, et al., 2014) and anthropometric (Canda,
Castiblanco, Toro & Amestoy, et al., 2014; Rivas, Mielgo-Ayuso, Norte-Navarro & Cejuela,
et al., 2015) characteristics of athletes. Similarly, participation and age-related performance
trends from single events (i.e., Ironman Hawaii) have been well-described in the literature
across triathlon distances and sexes (Wonerow, et al., 2017; Ké&ch, Rust, Nikolaidis &
Rosemann, et al., 2018; Sousa, Nikolaidis, & Knechtle, 2020). To date, little is known about
the prevalence and aetiology of LEA in female triathletes. This is despite leanness sports, such

as triathlon, being considered at higher risk for the development of LEA as discussed earlier in
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this thesis (Loucks, et al., 2011; Mountjoy, et al., 2018). For instance, previous findings
reported 42% of competitive female triathletes (aged 18-54 years; n=393) were classified by

the LEAF-Q as at-risk of LEA, increasing the risk of developing Triad or RED-S (study 1).

As outlined by the Triad and RED-S models, it is essential for athletes of all ages to
maintain an adequate EIl to prevent the risk of developing LEA and the associated negative
health and performance consequences (Nattiv, et al., 2007; De Souza, et al., 2014; Mountjoy,
et al., 2014; 2018). It is clear that short and long-term LEA impairs health and performance,
with impairments to menstrual function and bone health considered the most serious clinical
outcomes (De Souza, et al., 2014). Particularly, the consequences of LEA are likely to be more
severe if developed during the critical phase of growth and development in adolescents and
young adults. Similarly, if the LEA state with sub-clinical and clinical impairments to
menstrual function and bone health are maintained for several years (De Souza, et al., 2014;
see Chapter 2.3.3). It is therefore important to consider athlete’s age and years of training. This
will help further understand factors contributing to the development, onset, and progression of

LEA and guide the implementation of prevention programmes across an athlete’s lifespan.

Current literature has acknowledged LEA exists across all ages (Mountjoy, et al., 2014;
2018; Ackerman, et al., 2020). Thein-Nissenbaum, (2013) recognised the long-term negative
implications of LEA (i.e., low BMD) identified in adolescents and young adults may manifest
later in life. Particularly, when females’ transition from pre-menopausal to post-menopausal.
This relates to the hypometabolic state caused by LEA and/or the E> deficiency
(hypoestrogenism) caused by menstrual dysfunction (i.e., FHA) that results in impaired bone
mass accrual. Impaired bone mass accrual during adolescence and young adulthood will result
in a lower PBM being achieved that typically is irreversible. Thus, bone loss in pre-menopausal
and post-menopausal females will occur from an already-reduced bone bank (Thein-
Nissenbaum, 2013). The co-occurrence of DE/ED with LEA and/or hypoestrogenism has also
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been associated with an increased risk for cardiovascular events (i.e., cardiac arrhythmia or
impaired endothelial function) and suicidal behaviour (Crow, et al., 2009; American
Psychiatric Association, 2013; Smith, et al., 2013). Unfortunately, most of the current studies
on LEA or on the Triad and RED-S models have been completed primarily with adolescent,
University students or young adults from various sports. This has resulted in limited

information regarding the prevalence of LEA risk in different age groups.

It is widely accepted that LEA can occur as a result of DE behaviour and clinical ED
(Nattiv, et al., 2007; Mountjoy, et al., 2014). Previous findings reported 25% and 9% of
competitive female triathletes (aged 18-54 years; n=393) were classified by the FAST with DE
behaviour and clinical ED, respectively. Significant associations between eating attitudes and
LEA were identified (study 1). The association between DE behaviour, clinical ED, and EXD
has been documented in the literature (Szabo, 2010; Scharmer, et al., 2020). In chapter 4, a
significant association between eating attitudes and EXD, as well as LEA risk in competitive
female triathletes was found. It was also reported 9% of competitive female triathletes (aged
18-54 years; n=393) were classified by the EDS-R as at risk of EXD (study 1). Comparable to
EA research, most of the studies examining DE/ED and EXD have primarily focused on
adolescent and young adults and limited information exists on the prevalence of risk and

underlying mechanisms across different age groups.

Current estimates suggest that overall, the manifestation of both DE behaviour Mangweth-
Matzek & Hoek, 2017; Thompson & Bardone-Cone, 2019) and EXD (Costa, et al., 2013)
symptomology decline with age. However, there may be critical transition periods (i.e., puberty
and menopause) where body changes occur that may result in the increased risk of DE
behaviour or clinical ED (Mangweth-Matzek & Hoek, 2017). In relation to EXD, it has
suggested the decrease in symptoms may be associated with older adults being able to regulate
emotions, and therefore mood, better than younger counterparts (Costa, et al., 2013).
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In light of this, the present study aimed to, 1) investigate the prevalence of competitive
female triathletes at risk of LEA, DE/ED, and EXD in different age groups, 2) determine if
there were differences in LEA, DE/ED, and EXD scores between age groups, and 3) investigate
possible associations between age and LEA, DE/ED, and EXD in competitive female

triathletes.

5.2 Materials and methods

5.2.1 Research design

This cross-sectional, descriptive study required participants to complete an anonymised
online questionnaire — the ‘Female Health Questionnaire’. The study was reviewed and granted
ethical approval (Appendix 1) from the University of Sunderland Research Ethics Group and
conducted in accordance with the Declaration of Helsinki (2013). All participants took part in
the study voluntarily, were provided with information specifying the study details including
inclusion and exclusion criteria (table 3.1), provided implied consent for the data to be used in
the study and no participation incentives were offered (outlined in Chapter 3.2 — 3.4,

Appendices 1-3).

5.2.2 Participants

Recruitment posters for healthy, pre-menopausal, female triathletes, aged 18 or over
were arbitrarily advertised via social media platforms (Facebook, Instagram, and Twitter),
supported by flyers and word-of-mouth approaches when relevant. Participants were asked to
complete the anonymous online ‘Female Health Questionnaire’ after reading the information
sheet (including inclusion and exclusion criteria) and providing implied consent (Appendix 2-
3). Table 3.1 (Chapter 3) outlines the inclusion ad exclusion criteria for study 2. Table 5.1
outlines participant recruitment, exclusion and inclusion into the final study sample for study

2. N=393 individuals were included in the final analysis for study 2 and although a large
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reduction in the original sample size is evident, a sample size of N=393 met the calculated
sample size estimation for the cross-sectional study. Based on a population size of 10,000
registered female triathletes with British Triathlon (British Triathlon, 2021a), a sample size
estimation of n=370 was calculated for study 1, with a confidence level of 95% and a 5%
margin of error (Qualtrics, London, UK). Study 2 sample size also falls within the sample size
range previously reported in LEA prevalence studies (range 10 to 833; Schaal, et al., 2011a;

Logue et al., 2019 — table 2.2).

Table 5.1 Sample size for study 2

N recruited Excluded Included

N =878 N=36 post-menopausal or non-triathlete N =393
N=303 LEAF-Q exclusion (pregnant, breastfeeding,
chronic illness, use of forms of contraceptive other than
oral; increase false positive; Melin, et al., 2014)

N= 146 Female Health Questionnaire incomplete

5.2.3 Data collection and questionnaire data

All the data collection procedures, coding, scoring, and questionnaire data used in the
study are outlined in Chapter 4.2.3 and 4.2.4. However, in brief, participants were asked to
complete an anonymous online questionnaire, the ‘Female Health Questionnaire’, which
incorporated the LEAF-Q (Melin, et al., 2014), the FAST (McNulty, et al., 2001), and the EDS-
R items (Downs, et al., 2004). This was accessible for a four-week period between October
2019 and November 2019 to female triathletes. All data within the ‘Female Health

Questionnaire’ was self-reported.
5.2.4 Statistical analysis

Data normality was assessed using the Shapiro-Wilk test. Descriptive data for age
groups was calculated for demographic data and self-reported training load. Frequency analysis
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for LEAF-Q, FAST, and EDS-R questionnaire scores was performed across age groups. Non-
normally distributed data was compared using Kruskal-Wallis test followed by the Dwass-Steel
Crichtlow-Fligner test to compare LEAF-Q, FAST, and EDS-R scores between age groups.
Chi-square tests were used to assess associations between groups and the LEAF-Q, FAST, and
EDS-R scores. Subsequently, a multinomial logistic regression (MLR) was performed to
ascertain the effects of age group on the likelihood that participants would be classified as at
risk or not on the prediction model for the EDS-R questionnaires. All statistical analyses were
performed using SPSS (V.25; IBM Company, SPSS Inc., Chicago, USA), with the exception
of the Kruskal-Wallis test and Dwass-Steel Crichtlow-Fligner analyses which was performed
using jamovi (The jamovi project, 2020) version 1.2.2). Statistical significance was set a priori

at p <0.05.

5.3 Results

5.3.1 Participant characteristics

N=393 individuals who met the inclusion criteria (table 3.1 — chapter 3) were included
in the final analysis of study 2. Participants were divided in to three age groups based on
recommendations in previous literature focusing on age-related differences (Szabo, 2000; Hale,
et al., 2010; Costa, et al., 2013): 18-29 years (n = 101), 30-39 years (n = 159), and 40+ years
(n = 133). Participant characteristics of the three age groups are presented in Table 5.2.
Comparison of age groups found participants aged 18-29 years had significantly lower BMI
than those aged 30-39 years and 40+ years, however this was a small effect (Cohen’s d 0.23 -

table 5.2).
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Table 5.2. Self-reported age group participant characteristics and training load.

18 — 29 (years) 30 — 39 (years) 40+ (years)
N=101 N=159 N=133
Height (m) 1.67 (0.08) 1.65 (0.08) 1.66 (0.09)
Mass (kg) 63.0 (9.5) 65.0 (12.0) 64.0 (14.0)
BMI (kg-m?) 22.6 (3.3) "2 23.3(5.0)™ 23.2 (4.4)
Training time (h-week) 11.5(7.5) 11.5 (5.5) 11.0 (5.0)
(3-30) (4-42) (3-22)

BMI, body mass index.
Data presented as median (interquartile range) or range in parentheses; n=393.
*1 Significant difference between groups, p <0.050.

5.3.2 LEAF-Q scores and key components

49% of participants aged 18-29 years were classified as at risk of LEA according to the
LEAF-Q (figure 5.1). In comparison, of those aged 30-39 years and 40+ years, 40% and 39%
were classified as at risk of LEA, respectively (figure 5.1). When assessing the individual
LEAF-Q component scores for age groups, 68% of participants aged 18-29 years met the
component cut-off score >2 for increased incidence of injury, compared with 62% and 58% of
those aged 30-39 years and 40+ years, respectively (table 5.3). Of those aged 18-29 years, 84%
met the component cut-off score >2 for increased gastrointestinal disturbances. Those aged 30-
39 years and 40+ years also reported a high prevalence of gastrointestinal disturbances at 78%
and 69%, respectively (table 5.3). Finally, 34% of participants aged 18-29 years met the
component cut-off score >4 for menstrual dysfunction, compared to 25% of those aged 30-39

years and 40+ years (table 5.3).
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Figure 5.1. Prevalence of risk for LEA (A), DE/ED (B) and EXD (C) by age group.

AR, at risk; NAR, not at risk; No ED, no eating disorder; DE, disordered eating; ED, eating
disorder; AS, asymptomatic; SY, symptomatic; EXD, exercise dependent. Data presented as
percentage.
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Table 5.3. Age group prevalence of risk for LEAF-Q components.

Injury Gastrointestinal Menstrual

Age Group (years) | Atrisk® Notatrisk | Atrisk™ Notatrisk | Atrisk™ Not at risk

18 — 29 (n=101) 68 32 84 16 34 66
30 — 39 (n=159) 62 38 78 22 25 75
40+ (n=133) 66 48 81 33 27 87

“Injury: component cut-off scores for at risk >2.
"*Gastrointestinal: cut-off scores for at risk >2.
“*Menstrual: cut-off scores for at risk >4.

5.3.3 FAST scores and key components

28% and 12% of participants aged 18-29 years were classified with DE and ED
according to the FAST, respectively (figure 5.1). In comparison, 24% and 10% of participants
aged 30-39 years and 24% and 9% of participants aged 40+ years were classified with DE and
ED (figure 5.1). The percentage of participants from each respective age group who scored >3
points for FAST items (outlined in Chapter 3.4.2) are presented in Appendix 9.1. All age groups
considered sport participation an important facet for their self-esteem (range: 72% to 87%),
with the majority (range: 91% to 94%) of participants from all age groups believing they have
a lot of good qualities. However, more participants aged 18-29 years (77%) strive for perfection
in all aspects of their life compared with those aged 30-39 years (66%) or 40+ years (56%).
Most participants believed their triathlon performance was related to their weight, with more
participants aged 40+ vyears (75%) and 30-39 years (70%) expecting performance
improvements with weight reduction, compared to those aged 18-29 years (65%). Although,
most (range: 78% to 81%) participants from all age groups acknowledged as an athlete they
were very conscious about consuming adequate calories and nutrients on a daily basis

(Appendix 9.1).
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Diet control during training was reported across all age groups with more participants
aged 18-29 years (57%) controlling fat and calorie intake than those aged 30-39 or 40+ years
(50%). However, less participants aged 18-29 years (34%) limited carbohydrate intake
compared with older participants (range: 42% to 45%). All age groups recognised they would
worry about weight gain if they could not exercise, with more participants aged 18-29 years
(84%) worried than their older counterparts (range: 70% to 75%). However, diet control did
not report a high prevalence across all age groups of behaviours typically associated with
DE/ED, avoidance of food with >3 gram of fat, skipping meals due to alcohol consumption, or
taking dietary or herbal supplements to increase metabolism or assist in fat burning (range: 9%

to 13%; Appendix 9.1).

In regard to body dissatisfaction, over half of participants from all age groups were not
happy with their current weight and were concerned about their body fat percentage (range:
56% to 62%) with those participants aged 30-39 years the most concerned. Finally, almost 5 in
10 participants aged 18-29 years have used methods to keep their weight down that they believe
are unhealthy compared to the 3 in 10 participants aged 30-39 years or 40+ years. Comparably,
more participants aged 18-29 years (55%) believed most female athletes have DE habits

compared with older participants (range: 40% to 46%; Appendix 9.1).

5.3.4 EDS-R scores

64% and 16% of participants aged 18-29 years were classified as symptomatic and at
risk of EXD according to the EDS-R (figure 5.1). In comparison, 61% and 6% of participants
aged 30-39 years and 50% and 6% of participants aged 40+ years were classified as
symptomatic and at risk of EXD, respectively (figure 5.1). Of those considered at-risk of EXD,
‘lack of control’, (described in Chapter 3.4.3) was the most frequently cited EDS-R component

for participants aged 18-29 years and 30-39 years (Appendix 9.2). However, ‘lack of control’,
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‘time’, and ‘withdrawal effects’ were all equally cited in participants aged 40+ years (Appendix

9.2).
5.3.5 Between Group Comparisons

A Kruskal-Wallis test was conducted to determine if there were differences in LEAF-
Q scores between groups that differed in age: 18-29 years, 30-39 years, and 40+ years.
Distributions of LEAF-Q scores were similar for all groups, as assessed by visual inspection
of a boxplot. Median LEAF-Q scores were statistically significantly different between the age
groups, ¥>(2) = 9.06, p = .010, however this was a small effect (€2 = .023). Subsequently,
pairwise comparisons were performed using the Dwass-Steel Crichtlow-Fligner test for
multiple comparisons. Adjusted p-values are presented. This post-hoc analysis revealed
statistically significant differences in median LEAF-Q scores between the 18-29 years and 40-

49 years (p =.011) age groups, but not between any other group combination (table 5.4).

A Kruskal-Wallis test was run to determine if there were differences in FAST scores
between the three age groups. Distributions of FAST scores were similar for all age groups, as
assessed by visual inspection of a boxplot. Median FAST scores were not statistically
significantly different between groups, ¥? (2) = 5.65, p = .059, €2 = .014. Finally, a Kruskal-
Wallis test was run to determine if there were differences in EDS-R scores between the three
age groups. Distributions of EDS-R scores were similar for all groups, as assessed by visual
inspection of a boxplot. Median EDS-R scores were statistically significantly different between
the age groups, x* (2) = 18.6, p < .001, however this was a small effect (€2 = .048).
Subsequently, pairwise comparisons were performed using the Dwass-Steel Crichtlow-Fligner
test for multiple comparisons. Adjusted p-values are presented. This post-hoc analysis revealed
statistically significant differences in median EDS-R scores between the 18-29 years and 40+

years (p = <.001) age groups, but not between any other group combination (table 5.5).
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Table 5.4. Dwass-Steel-Critchlow-Fligner Pairwise Comparisons for LEAF-Q.

Age Group (years) w P
18 -29 30-39 -3.27 .054
18 -29 40+ -4.09 011
30-39 40+ -1.21 671

¥ (2) =9.06, p =.010, €2 =.023
LEAF-Q, low energy availability in female’s questionnaire

Table 5.5. Dwass-Steel-Critchlow-Fligner Pairwise Comparisons for EDS-R.

Age Group (years) w P
18 -29 30-39 -3.30 .051
18 - 29 40+ -6.13 .001
30-39 40+ -3.21 .061

¥?(2) = 18.6, p < .001, €2 =.048
EDS-R, exercise dependence scale-revised

5.3.6 Cross-tabulation

A chi-square test for association was conducted between age and LEAF-Q categories.
All expected cell frequencies were greater than five. The test of independence showed that
there was no significant association between age and LEAF-Q category, y2 (2) = 2.419, p =
0.298 (Appendix 9.3). Similarly, a chi-square test for association showed that there was no
significant association between age and FAST category, x> (4) = 5.507, p = 0.239 (Appendix

9.4). A However, there was a statistically significant association between age and EDS-R

category, y? (4) = 20.246, p = <.001 (Table 5.6).
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Table 5.6. Cross-tabulation of Age Group and EDS-R score categories.

Age Group (years) Asymptomatic Symptomatic At risk EXD Total
Count 20 65 16 101
18-29 Expected Count 33.0 58.9 9.1
Column % 16.1 29.4 47.1 27% of 393
Count 52 97 10 159
30-39 Expected Count 52.0 92.7 14.3
Column % 41.9 43.9 29.4 42% of 393
Count 58 67 8 119
40+ Expected Count 44.0 77.5 11.5
Column % 44.6 29.3 23.5 31% of 393

Pearson chi-square = 20.246; degrees of freed om = 4; p = <.001.
EXD, exercise dependence; EDS-R, exercise dependence scale revised.

Table 5.7. Multinomial Logistic Regression predicting likelihood of EDS-R based on age group.

95% CI for Odds Ratio

B SE Wald Df P Odds Ratio Lower Upper

18-29 years 1.034 312 10.969 1 <.001 2.813 1.525 5.189

Symptomatic ~ 30-39 years 479 .248 3.722 1 .054 1.615 992 2.628
18-29 years 1.758 .505 12.130 1 <.001 5.800 2.157 15.597

At risk EXD 30-39 years 332 511 422 1 516 1.394 512 3.798

Chi-square = 19.828; degrees of freed om = 4; p = <.001.

EDS-R Reference category = Asymptomatic.

Age Group 40+ years = set to zero.

EXD, exercise dependence; EDS-R, exercise dependence scale revised.
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5.3.7 Logistic regression

An MLR was performed to predict the likelihood of EXD classification (EDS-R) based
on age group. The model was statistically significant, x> (4) = 19.828, p <.001. Using the
conventional p < 0.050 threshold, age was a statistically significant predictor for those aged
18-29 years (as shown in Table 5.7). Participants aged 18-29 years had 2.8 times higher odds
of being symptomatic and 5.8 times higher odds of being at risk of EXD than their older

counterparts.
5.4 Discussion

The present study aimed to investigate the prevalence of LEA, DE/ED, EXD in female
triathletes. An additional aim was to examine the influence of age. Accordingly, the main
findings were that: 1) the prevalence of those categorised with LEA, DE/ED, and EXD was
greater in younger female triathletes compared to their older counterparts 2) There was
significant differences in LEA risk and EXD scores between younger and older participants
but not for DE/ED scores, however, the prevalence of no ED was higher in older participants
than younger. 3) Finally, the only significant association was between age and EXD, with
younger participants more likely to be categorised with maladaptive patterns of exercise than

older participants.

Taken together, the findings of this study are the first, to our knowledge, to screen a
large cohort of female triathletes to examine the influence of age on LEA, DE/ED, and EXD
risk. The findings of this study suggest that LEA, DE/ED, and EXD exist in both younger and
older female triathletes, however, differences do exist between age groups with prevalence

rates declining with age.

5.4.1 Influence of age on LEA
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In the current study, the risk of developing LEA existed in significant numbers across
all age groups of competitive female triathletes. This aligns with the current Triad and RED-S
models (Nattiv, et al., 2007; De Souza et al, 2014; Mountjoy, et al., 2014; 2018). Age-related
differences did exist between age groups in the current study with increased prevalence of those
at risk of LEA in younger participants, compared with their older counterparts. Although the
risk of developing LEA is greater in younger athletes and prevalence may decline with age, the
risk does not appear to disappear completely. To date, the majority of studies have focused on
the younger athlete (see table 2.2). Current findings support further work being undertaken in
the ‘older’ age groups across athletic populations. The longer an athlete is in a state of LEA,
the greater the risk of irreversible impairments to health and performance (Thein-Nissenbaum,
2013). The consequence of these impairments may change throughout an athlete’s lifespan.
LEA- related impairments to menstrual function (i.e., primary, or secondary amenorrhea) and
bone health (i.e., failure to achieve PBM) pose the greatest risk during adolescence and young
adulthood as these impairments may manifest later in life (Thein-Nissenbaum, 2013). During
adulthood this may manifest as fertility issues due to menstrual dysfunction, whereas the older
athlete may experience greater consequences from impaired BMD or impaired endothelial

function as they transition through menopause (Thein-Nissenbaum, 2013).

In the present study, 49% of participants aged 18-29 years were at risk of LEA as
identified by the LEAF-Q. Previous studies that have recruited adolescent to young adult
populations (see table 2.2) have suggested a prevalence rate ranging from 18% to 80%, which
agrees with the current study. The wide range in prevalence rates reported is likely a reflection
of the variability in EA methods, definitions and thresholds used (see chapter 2.3.1), variability
in sports, and performance level examined. Although the influence of age was not directly
examined in these studies, it is proposed the higher prevalence evident in younger athletes

compared to older may be explained by several factors. For instance, higher physical activity
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levels, less work and family commitments, they may be more influenced by the attitudes,
behaviours, and health literacy of their coach/trainer/parents, they may not be as emotionally
resilient as older athletes, evolving trends in the Western media’s portrayal of the ‘ideal athletic
body’, and they are still developing their relationship with food and exercise (Nattiv, et al.,
2007; Kroshus, Sherman, Thompson & Sossin, et al., 2014; Staal, Sjodin, Fahrenholtz &
Bonnesen, et al., 2018; Civil, Lamb, Loosmore & Ross, et al., 2019). Moreover, these studies
have included participants from a variety of sports and performance levels and therefore no

direct comparison can be drawn.

Adolescence is widely received as a period of growth and development beginning at
puberty and ending at adulthood. Although discrepancies exist in the definition of adolescent
age, it has been divided into early adolescence (10-14 years), late adolescence (15-19 years)
and young adulthood (20-24 years; Black, Victora & Walker, 2013). Optimal nutrition during
this period is crucial to support the changes in body composition, maturation of organ systems,
metabolic and hormonal fluctuations, and the formation of nutrient deposits (Sawyer, Afifi,
Bearinger & Blakemore, et al., 2012; Das, Salam, Thornburg & Prentice, et al., 2017; Desbrow,
Burd, Tarnopolsky & Moore, et al., 2019). Inadequate nutrition at any stage of adolescence
may lead to delayed or stunted linear growth and impaired organ remodelling with negative
long-term consequences (Das, et al., 2017). In line with the current study’s findings for the
individual LEAF-Q components, Muia, et al., (2016) recognised the increased prevalence of
LEA and subsequent negative health implications in adolescent endurance athletes with high
training loads. The most clinically significant symptoms of LEA are its effects on reproductive
function and bone formation, as described in Chapter 2.3.3 (Nattiv, et al., 2007; De Souza, et
al., 2014; Mountjoy, et al., 2014; 2018). Menstrual disturbances as a result of LEA can include
functional hypothalamic amenorrhea, oligomenorrhea or delayed onset of menarche (described

in Chapter 2.3.3). Adolescent menstrual disturbances may negatively impact on bone health, a
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result of hypogonadism (low oestrogen levels), which leads to decreased bone acquisition and
increasing the risk of stress fracture (Chapter 2.3.3; Thein-Nissenbaum, 2013; Mountjoy, et al.,

2018).

Sustained LEA during this critical time of growth and development is typically
irreversible with long-term health consequences. A lack of bone mass accrual during
adolescence and early adulthood will result in a depleted bone bank (Thein-Nissenbaum, 2013).
As the female athlete ages bone resorption begins to exceed formation, typically after the age
of 30, resulting in pre- and post-menopausal women resorbing bone from an already-depleted
bone bank (Karlamangla, Burnett-Bowie & Crandall, 2018). Consequently, increasing
osteoporosis risk in an already at-risk age group. Although more younger female triathletes
were at risk of LEA in the current study, approximately 40% of participants aged 30-39 years
and 40+ years were also identified as at risk. As identified in Chapter 4, limited data exists
examining the prevalence or effects of LEA in the older athletic populations. However, in line
with this study, Folscher, et al., (2015) identified 44% (n = 134) of South-African ultra-
marathon runners (mean age: 40 years; range: 21 to 65 years) as at risk of LEA. Although the
influence of age was not directly examined, these authors proposed the increased risk may be
related to the hypoestrogenic state evident in females as they transition from pre-menopausal
to post-menopausal. Therefore, it may be more insightful to further explore any associations
between the menopause and the development or effects of current or historical LEA.
Alternatively, the high prevalence of LEA in older triathletes in the current study may be
explained by the high training loads that were evident in both younger (range: 3-30 h-week)
and older athletes (range: 3-22 h-week). This may suggest that some cases of LEA are

inadvertent due to an inability match EI to EEE (Nattiv, et al., 2007).

5.4.2 Influence of age on eating attitudes
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It is widely received that LEA can occur either intentionally (i.e., DE/ED) or
inadvertently (i.e., inability to increase dietary EI to match EEE; Nattiv, et al., 2007; Mountjoy,
et al., 2014). DE has been defined as a subclinical spectrum of disruptive eating behaviours,
that may lead to EA, whereas ED encompass a psychiatric diagnosis in line with the DSM-5
(Bryne & McLean, 2001; American Psychiatric Association, 2013; Mancine, Kennedy,
Stephan & Ley, 2020). DE is accepted in the literature as a subclinical ED and early recognition
of symptomatology and identification of at-risk groups are critical in the prevention of long-
term physical and mental health consequences (Nattiv, et al., 2007; Vardar, et al., 2007;

Quatromoni, 2008).

In the present study, younger athletes aged 18-29 years had a marginally higher
prevalence for DE (28%) than those aged 30-39 years and 40+ years (24%). The prevalence of
ED in those aged 18-29 years (12%) and 30-39 years (10%) was double that of those aged 40+
years (5%). However, even the 5% of those aged 40+ years is greater than the general
population rates (2-4%; Smink & Hoek, 2013; Dahlgren, et al., 2017). No significant
differences were found between age groups (p = 0.07) which may be a result of small sample
sizes per age group, or the age ranges used. As in Chapter 4, it is important to note that the
current study did not assess the prevalence of clinically defined DE/ED, per se. It is difficult to
compare the results with previous findings due to the inconsistencies in methodologies used to
assess eating attitudes, sample sizes, and the variation of ages, performance levels, and sports
studies (see table 2.4). In general population studies adopting DSM-5 criteria, the highest
incidence rates for DE and ED were in females aged 14-24 years (Stice, et al., 2013; Javaras,
Runfola, Thornton & Agerbo, et al., 2015). However, these studies only examined individuals
aged 13 to 21 years (Stice, et al., 2013) and 8 to 30 years (Javaras, et al., 2015) with the lowest
prevalence rates in those aged 8 to 13 years. Both studies acknowledged the difficulty of

assessing the prevalence of clinical ED due to the high mortality associated with some ED (i.e.,
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AN and BN). Although data is limited in older populations, the onset of ED after the age of 25

is considered atypical (Stice, et al., 2013).

In the current study, although the prevalence of ED was the lowest in older participants
(5%), all age groups reported a prevalence rate greater than general population rates (2-4%;
Smink & Hoek, 2013; Dahlgren, et al., 2017). The only consensus in the literature relates to
female athletes being more at risk than male athletes. However, the results are relatively
consistent with other studies reporting elevated prevalence rates of DE/ED (range: 6% to 45%)
in young adult or adult women from leanness sports, compared to general population (Sundgot-
Borgen, et al., 2004; Torstveit, et al., 2008; Bratland-Sanda & Sundgot-Borgen, 2013; Hauck,
et al., 2020). The current study is also in line with the suggestion that there is a higher

prevalence of DE compared to ED (Smink & Hoek, 2013).

In agreement with the current literature, all age groups considered sport participation
an important facet for self-esteem which may reduce the risk of the development of DE/ED (de
Oliveira Coelho, de Farias, de Mendonca & Lanzillotti, et al., 2013). Yet the pathways to the
development of DE/ED in this athletic population may differ depending on age. Adolescence
is a critical period in establishing an individual’s lifelong relationship with food, which is
particularly important in terms of the interplay between diet, exercise, and body image.
Particularly as adolescence is a period of rapid changes in body shape and size (i.e., increased
body fat; Desbrow, McCormack, Burke & Cox, et al., 2014). It is proposed that younger
athletes may be unable to dissociate the relationship between adequate nutrition to support
body composition change for improved performance and negative eating attitudes or
behaviours aimed to achieve societal “ideals” of physique often portrayed in Western media
(Martinsen, et al., 2010). The current study would support this as more younger participants

(84%) worry about weight gain compared to older (70% to 75%). 63% of younger participant
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confirmed guilt when eating fried foods compared to 53% of older participants and have done

things to keep their weight down they believe are unhealthy (48% compared to 30%).

Perfectionism has been associated with the development of DE/ED and younger
athletes may be more susceptible to perfectionistic traits (Sundgot-Borgen, et al., 2013). The
current study would support this as more participants aged 18-29 years strived for perfection
(77%) compared to older participants (56%). Younger athletes may also be more susceptible
to strong achievement orientation, increased levels of anxiety or depression, and pressures from
their coach/trainer/parents/peers as they transition through puberty (Sundgot-Borgen, et al.,
2013). The current study would support these findings as more participants aged 18-29 years
(65%) at times feel they are no good at all compared to older participants (45%). More
participants aged 18-29 years (27%) try to lose weight to please others compared to older
participants (11%). The higher prevalence of younger athletes (55%) compared to older (40%)
believing that most female athletes have some DE behaviours may reflect differing social

norms and peer influence across the lifespan.

On the other hand, it is thought the peri-menopausal phase may be a critical period of
time in the older athlete for the development or exacerbation of DE/ED, which may explain the
high prevalence rates of participants aged >30 years in the current study. A result of hormonal
changes associated with increases in both body mass and fat mass, and redistribution of body
fat which also may negatively impact on mood (Slevec & Tiggemann, 2011; Thompson &
Bardone-Cone, 2018; 2019). However, this was not evidenced in the current study as although
younger participants had a lower BMI than older, all groups were in the normal range for BMI
and had a small effect size (Cohen’s d 0.23). Nevertheless, the prevalence and aetiology of
DE/ED in non-elite, multisport endurance athletes and its relationship with LEA across the

lifespan warrants further study.

160



5.4.3 Influence of age on exercise behaviours

Finally, the current study found a significant association between age and EXD in
female competitive triathletes. Comparable to previous findings, it was found that EXD
symptoms declined with age as participants aged 40+ years reported lower EXD scores than
their younger counterparts (Szabo, 2000; Edmunds, Ntoumanis & Duda, 2006; Hale, Roth,
DelLong & Briggs, 2010; Sussman, et al., 2011; Costa, et al., 2013). The age-related decline in
EXD symptoms may be a result of older athletes having developed a more balanced lifestyle,
have more developed emotional resilience, developed better coping mechanisms which can
prevent behavioural disturbance, have lower prevalence rates of DE/ED, and their motivations
for exercise may place emphasis on the general health and well-being and social aspects of
participation (Szabo, 2000; Costa, et al., 2013; Landolfi, 2013; Back, et al., 2019; Lukécs,
Sasvari, Varga & Mayer, 2019; Hauck, et al., 2020). In contrast, Hale, et al., (2010) reported
no significant differences between age groups for EXD symptoms in male weightlifters. This
may be explained by the wide age range used (i.e., young adults: 18-24 years and adults: 25-

55 years) or by gender related to differing family responsibilities.

Costa, et al., (2013) reported significantly more adult male gym users (25-44 years)
were classified by the EDS-R as at-risk of EXD than young (18-24 years) but no significant
age differences in females were reported. It was proposed this was likely due to males
potentially displaying a ‘drive for muscularity’ compared to females displaying a ‘drive for
thinness’. Costa, et al., (2013) also reported some age differences in the EDS-R subscales. For
instance, higher levels of tolerance and time in young and adult groups than middle-aged adults
(45-64 years) and young adults had lower intention scores than adults. In the current study,
lack of control (i.e., persistent desire or unsuccessful effort to cut down or control exercise)
was the most prevalent subscale across all age groups. However, both the 18-29 and 30-39 age
groups had a higher prevalence in reduction of other activities than the 40+ group who had the
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lowest prevalence: and the two older groups had a higher prevalence of withdrawal effects than
the youngest group. The 18-29 and 30-39 age groups had a lower prevalence for intention
effects (i.e., engaged with exercise longer than intended) than the 40+ group. These results
underline that despite moderate differences in the overall EDS-R score by age, the prevalence

of specific EXD symptoms may change by age group.

The current study has addressed the paucity of available evidence in the prevalence of
EXD in female multisport endurance athletes across age groups. Although prevalence data in
female athletes is generally lacking, Marques, et al., (2019) highlighted the prevalence in male
and female athletes from various sports ranged from 1% to 17% when using the EAI or EDS.
A further review by Di Lodovico, et al., (2019) reported a prevalence rate of 4% in endurance
athletes when using the EDS and 14% when using the EAI The current study’s findings fall
within these ranges as across all age groups prevalence rates were 6% to 16% in competitive
female triathletes. Nevertheless, the variability in prevalence reported highlights the urgent
need for consistency in terminology, definitions, and well-validated instruments used for future
screening of EXD. It is important to note that current assessment instruments screen for
individuals considered at-risk of EXD, rather than diagnosed EXD and the DSM-5 does not
currently consider EXD as a behavioural addiction (Szabo, et al., 2015). In addition, previous
studies fail to differentiate between primary and secondary EXD and fail to provide clear

descriptions of the populations studied (Mdnok, et al., 2012; Landolfi, 2013).

Furthermore, the highest prevalence rates were found in those participants aged 18-29
years (16%) further confirming previous research that the most at-risk groups are adolescent to
young adults, and this is a critical period in the development of negative exercise behaviours
that may predict the likelihood of athletes also being at risk of LEA. Further longitudinal
research is warranted to assess exercise behaviours, EXD symptoms and its association with
eating attitudes and EA status from early adolescence into adulthood in this population.
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5.4.4 Limitations

The current study should be interpreted with caution. Specific to the current study,
although this is one of the few studies to examine the influence of age on LEA, DE/ED and
EXD risk, results are based on cross-sectional comparisons of participants in different age
groups, rather than observations of change as individuals grow older. The sequence of events
that lead to the findings reported in the current study cannot be determined and cannot imply
causality. Therefore, the use of longitudinal studies would provide better interpretation in
future work, allowing attributions related to cause or direction of effects. As the current study
focused on individuals aged 18-54 years, findings cannot be generalised to junior and master
triathletes. Future work would be advised to increase recruitment specifically across the 5-year
age categories evident in triathlon events to increase ecological validity and to include an age
category representative of junior triathletes aged <18 years and master triathletes aged >50
years. Finally, the current study did not control for ethnicity which may limit the generalisation
of results. Nevertheless, combined with findings from previous research, the results are
valuable in highlighting at risk age groups to aid and direct future screening, early detection,

and target awareness education.

5.5 Conclusion

In summary, findings from this study showed that the prevalence of those at risk of
LEA, DE/ED and EXD was higher in younger competitive female triathletes compared with
their older counterparts. Although it is important to note that these concepts existed across all
age groups above general population norms. In providing the overall prevalence in different
age groups and examining age-related changes, the current study may aid in identifying specific
groups of competitive female triathletes who are at greater risk for long-term health

consequences. Additionally, identifying the change in specific symptomology of LEA, DE/ED,
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and EXD over time may help inform differing education strategies for differing age groups.
Thus, helping to target and guide the implementation of early screening and education
initiatives across the female athlete’s lifespan in the pursuit of protecting athlete physical and
mental health. Finally, coach education and awareness of the increased prevalence of LEA,
DE/ED, and EXD to the young female triathlete and the associated long-term negative health
consequences during this period of growth and development will be imperative for early

detection and intervention.
5.6 Statement of original contribution

= This is the first study to screen a cohort of female triathletes (n = 393) to estimate the
prevalence of LEA, DE/ED and EXD in different age groups.

= Thisis the first study to determine if differences exist across age groups in LEA, DE/ED
and EXD scores in a large cohort of female triathletes.

= This is the first study to examine associations between age and LEA, DE/ED and EXD

in a large cohort of female triathletes.
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CHAPTER 6

INFLUENCE OF PERFORMANCE LEVEL

ON THE PREVALENCE OF LEA RISK IN
FEMALE TRIATHLETES
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6.1 Introduction

Whilst the physical and mental benefits of exercise are abundant (Chapter 4.1;
Ruegsegger & Booth, 2018), certain athletic populations are considered to be at increased risk
of failing to meet EIl thresholds to support normal basal physiological function and training
(Loucks, et al., 2011). As outlined in studies 1-2, this failure can lead to the development of
LEA and lead to the negative health and performance consequences associated with the Triad
and RED-S models (Nattiv, et al., 2007; De Souza, et al., 2014; Mountjoy, et al., 2014; 2018).
Identification and early detection of at-risk individuals has been recognised as critical to
prevent individuals reaching the clinical end points of these models, which may be irreversible
(De Souza, et al., 2014; Mountjoy, et al., 2018). Findings from study 2 highlighted a greater
prevalence of younger athletes at risk of LEA than older, however, there was little difference
in training load across age groups. It may be expected that training load may be more related

to performance level.

Endurance sports like triathlon require well-developed physical capacities (endurance,
power, speed, and flexibility), technical skill and in some regards place emphasis on leanness
with athletes exhibiting low fat mass and/or low body mass (Knechtle, et al., 2010; Whyte,
2014). Due to the important role of building endurance capacity across three disciplines,
triathlon necessitates large volumes of frequent and intense training which may result in
athletes failing to meet the required energy requirements (Vescovi & VanHeest, 2016). An
additional desire for leanness, related to either performance or body image issues, may further
elevate the risk of LEA in triathletes (Thorpe & Clark, 2020). LEA in this population may be
underpinned by DE/ED that may also be related to EXD and/or excessive EEE related to
training demands (Torstveit, et al., 2019; Ackerman, et al., 2020). Previous findings from study
1, reported 42% of competitive female triathletes were classified as at risk of LEA (LEAF-Q),

25% and 9% were classified with DE and ED (FAST), and 9% were classified as at risk of
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EXD (EDS-R). Further findings from study 2 identified the prevalence of those at risk of LEA,
DE/ED and EXD was higher in younger competitive female triathletes compared with their

older counterparts.

It has been acknowledged that there is a high prevalence of LEA in Western elite
athletic populations from leanness sports (see table 2.2; De Souza, et al., 2014; Mountjoy, et
al., 2018; Logue, et al., 2018; 2020). Although not fully established, it is believed non-elite
athletes from these sports are a unique subpopulation that may also be at increased risk of LEA,
DE/ED and EXD. Slater, et al., (2016) reported 45% of female recreational exercises (defined
as non-elite) as at risk of LEA and Torstveit, et al., (2005) reported a higher prevalence of LEA
in non-elite female athletes (69%) compared with elite (60%). Irrespective of triathlon distance,
competition is held between elite (0.1% of the 2.3 million registered triathletes worldwide -
O’Mara, 2019) and non-elite athletes. As highlighted earlier in this thesis, non-elite athletes are
referred to as ‘age-groupers’ in the triathlon field and are considered as competitive recreational
athletes as defined by the ITU (Anthony, Rist, Cribari & Rosemann, et al., 2014; Vleck, et al.,
2014). Age-groupers compete against other age-groupers within the same 5-year age categories
to be eligible for qualification into the ‘Great Britain Age-Group Team’ or equivalent for
international athletes. Qualification into the National Age-Group team allows age-groupers to
compete for European and World Championship medals and titles against fellow age-groupers

— classifying these athletes as top-percentile age-groupers (British Triathlon, 2020).

Despite non-elite athletes being a subpopulation that may be at increased risk of
developing LEA, the specific risk factors that may differ between non-elite and elite athletes is
not fully understood. As performance level improves it is likely that training load increases
which increases EEE, thereby increasing the risk of developing LEA if EIl is not adequately
matched (Nattiv, et al., 2007; Mountjoy, et al., 2014; Wasserfurth, Palmowski, Hahn & Krtiger,
2020). Non-elite athletes may be at increased risk due to limited access to nutritional and
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training advice and support, and sports medicine personnel (Slater, et al., 2016; Black, et al.,
2018; Logue, et al., 2019; Wasserfurth, et al., 2020). This may also apply to non-elite athletic
coaches who do not fully understand the importance of nutrition (Wasserfurth, et al., 2020).
Non-elite athletes may be more susceptible to current social media diet trends (i.e., high-fat,
low carbohydrate diets, clean eating, and veganism) in an effort to enhance performance and/or
lose body mass and body fat (Black, et al., 2018). Such trends may lead to the development of
DE behaviour (Wasserfurth, et al., 2020). Non-elite athletes are also susceptible to feeling
pressure from peers, parents, coaches, and social media to train, eat and look a certain way that
may increase the risk of developing DE and thereby, EXD and/or LEA (Slater, et al., 2016;

Black, et al., 2018; Logue, et al., 2019; Wasserfurth, et al., 2020).

To date limited information exists on the prevalence of LEA and related factors of
DE/ED and EXD among those non-elite female triathletes known as age-groupers. More
specifically, the potential differences in risk status between developmental performance levels
of those athletes identifying as competitive recreational age-groupers and those identifying as
top-percentile age-groupers is largely unknown. It is timely to undertake cross-sectional studies
in this population to aid in identifying specific populations and direct resources for the early
detection and intervention of LEA, DE/ED and EXD. Therefore, the present study aimed to, 1)
investigate the prevalence of competitive female triathletes at risk of LEA, DE/ED, and EXD
in different performance levels for athletes classified as age-groupers. 2) Determine if there
were differences in LEA, DE/ED, and EXD scores between performance levels, and 3)

investigate possible associations between performance level and LEA, DE/ED, and EXD.

6.2 Materials and methods

6.2.1 Research design
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This cross-sectional, descriptive study required participants to complete an anonymised
online questionnaire — the ‘Female Health Questionnaire’. The study was reviewed and granted
ethical approval (Appendix 1) from the University of Sunderland Research Ethics Group and
conducted in accordance with the Declaration of Helsinki (2013). All participants took part in
the study voluntarily, were provided with information specifying the study details including
inclusion and exclusion criteria (table 3.1), provided implied consent for the data to be used in
the study and no participation incentives were offered (outlined in Chapter 3.2 — 3.4,

Appendices 1-3).

6.2.2 Participants

Recruitment posters for healthy, pre-menopausal, female triathletes, aged 18 or over
were arbitrarily advertised via social media platforms (Facebook, Instagram, and Twitter),
supported by flyers and word-of-mouth approaches when relevant. Participants were asked to
complete the anonymous online ‘Female Health Questionnaire’ after reading the information
sheet (including inclusion and exclusion criteria) and providing implied consent (Appendix 2-
3). Table 3.1 (Chapter 3) outlines the inclusion ad exclusion criteria for study 3. Table 6.1
outlines participant recruitment, exclusion, and inclusion into the final study sample for study
3. N=383 individuals were included in the final analysis for study 3 and although a large
reduction in the original sample size is evident, a sample size of N=383 met the calculated
sample size estimation for the cross-sectional study. Based on a population size of 10,000
registered female triathletes with British Triathlon (British Triathlon, 2021a), a sample size
estimation of n=370 was calculated for study 1, with a confidence level of 95% and a 5%
margin of error (Qualtrics, London, UK). Study 3 sample size also falls within the sample size
range previously reported in LEA prevalence studies (range 10 to 833; Schaal, et al., 2011a;

Logue et al., 2019 — table 2.2).
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Table 6.1 Sample size for study 3

N recruited Excluded Included
N=36 post-menopausal or non-triathlete
N=303 LEAF-Q exclusion (pregnant, breastfeeding,
chronic illness, use of forms of contraceptive other than
N =878 oral; increase false positive; Melin, et al., 2014) N =383

N= 146 Female Health Questionnaire incomplete

N=10 self-identified as elite level triathletes and study
focused on non-elite triathletes

The current study focused on non-elite triathletes who are referred to as ‘age-groupers’

in the triathlon field/community (Anthony, et al., 2014; British Triathlon, 2020). ‘Age-

groupers’ are considered as competitive recreational athletes as defined by the ITU (Anthony,

etal., 2014). The ITU has further sub-divided ‘age-groupers’ into two groups: recreational age-

groupers and top-percentile age-groupers as outlined in table 6.2.

Table 6.2. Definitions of non-elite triathlete classification

Classification

Definition (Anthony, et al., 2014; British Triathlon, 2020).

Recreational Age-Group Triathlete

Considered as a competitive triathlete but is not eligible for
gualification into European and World Championship events,

based on their overall finish time in the age-group category
(i.e., 18-24 years) compared to their competitors at qualifying
events. Still classed as a non-elite triathlete.

Top-Percentile Age-Group

Triathlete

Considered as a competitive triathlete but is eligible for
gualification into European and World Championship events,

based on their overall finish time in the age-group category
(i.e., 18-24 years) compared to their competitors at qualifying
events. Still classed as a non-elite triathlete but may be
considered as developmental athletes.

6.2.3 Data collection and questionnaire data

All the data collection procedures and questionnaire data used in the study are outlined

in Chapter 4.2.3 and 4.2.4. However, in brief, participants were asked to complete an
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anonymous online questionnaire, the ‘Female Health Questionnaire, which incorporated the
LEAF-Q (Melin, etal., 2014), FAST (McNulty, et al., 2001) and EDS-R (Downs, et al., 2004),
which was self-administered and accessible for a four-week period between October 2019 and

November 2019 to female triathletes.

6.2.4 Statistical analysis

Data normality was assessed using the Shapiro-Wilk test. Descriptive data for
performance levels was calculated for demographic data and self-reported training load.
Frequency analysis for LEAF-Q, FAST and EDS-R questionnaire scores was performed across
performance levels. Non-normally distributed data was compared using a Mann-Whitney U
test to compare differences in LEAF-Q, FAST and EDS-R scores between performance levels.
Chi-square tests were used to assess associations between performance levels and the LEAF-
Q, FAST and EDS-R scores. Subsequently, an MLR was performed to ascertain the effects of
performance level on the likelihood that participants would be classified as at risk or not on the
prediction model for the EDS-R questionnaire. All statistical analyses were performed using
SPSS (V.25; IBM Company, SPSS Inc., Chicago, USA). Statistical significance was set a

priori at p <0.050.

6.3 Results

6.3.1 Participant characteristics

N=383 individuals who met the inclusion criteria (table 3.1 — chapter 3) were included
in the final analysis of study 3 with with participants divided in to two self-identified
performance level groups: recreational age-groupers (N=293) and top-percentile age-groupers
(N=90). Participant characteristics of the two performance levels for Age-Groupers are
presented in Table 6.3. Comparisons of performance levels found participants identifying as

top-percentile age-groupers were significantly younger (d 0.15), had a lower body mass (d
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0.15) and BMI (d 0.26), and spent more hours training per week (d 0.24) than those triathletes

identifying as recreational age-groupers (table 6.1).

Table 6.3. Performance level participant characteristics, training load and questionnaire data.

Recreational Age-Grouper

Top-percentile Age-Grouper

(N=293) (N=90)
Age (years) 37(12) 32(13) ™
Height (m) 1.65 (0.08) 1.67 (0.09)
Mass (kg) 65.0 (12.0) 2 62.0 (11.0) 2
BMI (kg-m?) 235 (4.4) ™3 21.6 (2.8) 3
Training time (h-week) 10.7 (5.5) ™ 13.0 (7.0) ™
(3-26) (6-30)
LEAF-Q score 6 (6) 70
(0-17) (1-21)
FAST score 73 (21) 72 (27)
(42-112) (43-107)
EDS-R score 20 (8)™ 22 (7™
(7-42) (9-41)

BMI, body mass index; EDS-R, exercise dependence scale revised; FAST, female athlete screening tool; LEAF-
Q, low energy availability in female’s questionnaire.

Data presented as median (interquartile range) or range in parentheses; n=383.

*L.2.5 gjgnificant difference between groups, p <0.050.

3.4 Significant differences between groups, p <0.001.

6.3.2 LEAF-Q scores and key components

39% of participants who identified as a recreational age-grouper were classified as at-
risk of LEA (LEAF-Q) compared with 47% of those who identified as a top-percentile age-
grouper (figure 6.1). When assessing the individual LEAF-Q component scores for
performance levels, 62% of those identifying as a recreational age-grouper met the component
cut-off score >2 for increased incidence of injury, compared with 67% of those who identified
as a top-percentile age-grouper (table 6.4). 77% of those identifying as a recreational age-
grouper met the component cut-off score >2 for gastrointestinal disturbances compared with

82% of top-percentile age-groupers (table 6.4). Finally, 25% of those identifying as a
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recreational age-grouper met the component cut-off score >4 for menstrual dysfunction
compared with 32% of top-percentile age-groupers (table 6.4). For every extra hour of exercise
participants performed per week, the risk of LEA was 1.05 times more likely to occur (OR =
1.05, 95% CI = 1.00- 1.11, P = 0.035). Body mass (p = 0.56) and BMI (p = 0.43) did not

influence the risk of LEA.

Table 6.4. Performance level prevalence of risk for LEAF-Q components.

LEAF-Q component Recreational age-grouper ~ Top-percentile age-grouper
(N=293) (N=90)
Injury At risk” 62 67
Not at risk 38 33
Gastrointestinal At risk™ 77 82
Not at risk 23 18
Menstrual At risk™ 25 32
Not at risk 75 68

Injury: component cut-off scores for at risk >2.
"Gastrointestinal: cut-off scores for at risk >2.
"*Menstrual: cut-off scores for at risk >4.
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Figure 6.1. Prevalence of risk for LEA (A), DE/ED (B) and EXD (C) by performance
level.
AR, at risk; NAR, not at risk; No ED, no eating disorder; DE, disordered eating; ED, eating

disorder; AS, asymptomatic; SY, symptomatic; EXD, exercise dependent. Data presented as

percentage.

6.3.3 FAST scores and key components

24% of participants who identified as a recreational age-grouper were classified with
DE and 9% with ED according to FAST scores (figure 6.1). In comparison, 30% of participants
who identified as a top-percentile age-grouper were classified with DE and similarly 9% with
ED (figure 6.1). The percentage of participants from each respective performance level who
scored >3 points for FAST items (i.e., agree to strongly agree) are presented in appendix 10.1.
Both recreational (79%) and top-percentile age-groupers (78%) considered sport participation
an important facet for their self-esteem, with the majority of participants (93% and 94%,

respectively) believing they have a lot of good qualities and ~66% of both groups strive for
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perfection in all aspects of their life. More recreational age-groupers believed their triathlon
performance was related to their weight with 78% expecting performance improvements with
weight reduction and 77% worried that weight gain would impair performance. In comparison,
more top-percentile age-groupers worried weight gain would impair performance (62%) than
expecting performance improvements with weight reduction (52%). However, most
participants from both groups (78% and 87%, respectively) acknowledged that as an athlete
they were very conscious about consuming adequate calories and nutrients on a daily basis
(appendix 10.1). Diet control during training was reported across both groups with more
recreational age-groupers (53%) controlling fat and calorie intake and (44%) limiting
carbohydrate intake than top-percentile age-groupers (46% and 32%). Both groups recognised
that they would worry about weight gain if they could not exercise, with more recreational age-
groupers (80%) worried than top-percentile age-groupers (60%). However, diet control did not
report high prevalence across both groups of behaviours typically associated with DE/ED,
avoidance of food with >3 gram of fat (12% to 8%), skipping meals due to alcohol consumption
(12% to 7%) or taking dietary or herbal supplements to increase metabolism or assist in fat
burning (11% to 8%). Although prevalence was slightly greater among recreational age-

groupers (appendix 10.1).

In regard to body dissatisfaction, more recreational age-groupers were not happy with
their current weight (65%) and were concerned about their body fat percentage (65%),
compared with 41% and 44% of top-percentile age-groupers. Almost 4 in 10 participants from
both groups have used methods to keep their weight down that they believe are unhealthy.
Finally, more top-percentile age-groupers (52%) believed most female athletes have DE habits

compared with recreational age-groupers (44%; appendix 10.1).
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6.3.4 EDS-R scores

55% of participants who identified as a recreational age-grouper were classified as
symptomatic and 8% as at-risk of EXD according to EDS-R scores (figure 6.1). In comparison,
69% of participants who identified as a top-percentile age-grouper were classified as
symptomatic and 10% as at-risk of EXD (figure 6.1). Of those considered at-risk of EXD, ‘lack
of control’ (i.e., persistent desire or unsuccessful effort to reduce exercise) was the most
frequently cited EDS-R component for participants who identified as a recreational age-
grouper (appendix 10.2). However, ‘time’ (i.e., a great deal of time is spent in activities
necessary to obtain exercise such as., exercise holidays) was the most frequently cited EDS-R

component for participants who identified as a top-percentile age-grouper (appendix 10.2).

6.3.5 Between group comparisons

A Mann-Whitney U test was run to determine if there were differences in LEAF-Q
scores between recreational age-groupers and top-percentile age-groupers. Distributions of the
LEAF-Q scores for recreational age-groupers and top-percentile age-groupers were similar, as
assessed by visual inspection. Median (interquartile range) LEAF-Q scores for recreational
age-groupers (6 (6)) and top-percentile age-groupers (7 (7)) was not statistically significantly
different, U = 14 775, z = 1.736, p = 0.083 (table 6.1). Similarly, distributions of the FAST
scores for recreational age-groupers and top-percentile age-groupers were similar. Median
(interquartile range) FAST scores for recreational age-groupers (73 (21)) and top-percentile
age-groupers (72 (27)) was not statistically significantly different, U =13 174,z =-0.012, p =

0.990 (table 6.1).

However, a Mann-Whitney U test was run to determine if there were differences in
EDS-R scores between recreational age-groupers and top-percentile age-groupers.

Distributions of the EDS-R scores between groups were similar, as assessed by visual
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inspection. Median (interquartile range) EDS-R scores for recreational age-groupers (20 (8))
and top-percentile age-groupers (22 (7)) was statistically significant, U = 15 267, z = 2.270, p

=0.023 (table 6.3). However, this was a small effect (d 0.12).
6.3.6 Cross-tabulation

A chi-square test for association was conducted between performance level and LEAF-
Q categories. All expected cell frequencies were greater than five. The test of independence
showed that there was no significant association between performance level and LEAF-Q
category, y? (1) = 1.717, p = 0.220 (appendix 10.3). Similarly, a chi-square test for association
showed that there was no significant association between performance level and FAST
category, 2 (2) = 1.247, p = 0.538 (appendix 10.4). However, there was a statistically
significant association between performance level and EDS-R category, %2 (2) = 7.740, p =

0.021 (table 6.5).
6.3.7 Logistic Regression

An MLR was performed to predict the likelihood of EXD classification (ED-R) based
on performance level. The model was statistically significant, y? (2) = 8.186, p < .017. Using
the conventional p <.050 threshold, performance level was a statistically significant predictor
for recreational age-groupers (table 6.6). Participants who were recreational age-gropers were
0.454 times less likely to be classified as symptomatic than top-percentile age-groupers and

0.489 times less likely to be classified as at-risk of EXD.
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Table 6.5. Cross-tabulation of performance level and EDS-R score categories.

Performance level Asymptomatic ~ Symptomatic At risk of exercise dependence Total
Count 108 160 25 293
Recreational Age-grouper Expected Count 97.2 169.8 26.0
Column % 85.0 72.1 73.5 77% of 383
Count 19 62 9 90
Top-percentile Age-grouper Expected Count 29.8 52.2 8.0
Column % 15.0 27.9 26.5 24% of 383

Pearson chi-square = 7.740; degrees of freed om = 2; p = .021.
EDS-R, exercise dependence scale-revised

Table 6.6. Multinomial Logistic Regression predicting likelihood of EDS-R based on performance level.

95% CI for Odds Ratio

B SE Wald Df P Odds Ratio Lower Upper
Symptomatic  Recreational age-grouper  -.790 .290 7.399 1 .007 454 257 .802
Atrisk EXD  Recreational age-grouper -.716 462 2.407 1 121 489 .198 1.207

Chi-square = 8.186; degrees of freed om = 2; p =.017.
EDS-R Reference category = Asymptomatic.
Top-percentile age-grouper = set to zero.

EXD, exercise dependence.
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6.4 Discussion

The present study aimed to investigate the prevalence of LEA, DE/ED, and EXD in
athletes performing at different competitive levels. Accordingly, the main findings were that:
1) the prevalence of those classified with LEA, DE/ED, and EXD was greater in those
participants who identified as top-percentile age-groupers compared to recreational age-
groupers. 2) There were significant differences in EXD scores between recreational and top-
percentile age-groupers but not for LEA or DE/ED scores. 3) Finally, the only significant
association was between performance level and EXD, with recreational age-groupers less
likely to be classified with a symptomatic profile for maladaptive patterns of exercise than top-

percentile age-groupers.

Taken together, the findings of the study are the first, to our knowledge, to screen a
large cohort of non-elite female triathletes (age-groupers) to examine the influence of
performance level on LEA, DE/ED, and EXD risk. The findings of this study suggest that LEA,
DE/ED, and EXD risk exist in both recreational and top-percentile age-groupers, however,
differences do exist between performance levels with prevalence rates beginning to rise as

performance classification improves.

6.4.1 Influence of performance level on LEA

Similar to age-related findings in study 2, the risk of developing LEA existed across
both performance levels in non-elite female triathletes (age-groupers) which is consistent with
the Triad and RED-S models (Nattiv, et al., 2007; De Souza, et al., 2014; Mountjoy, et al.,
2014; 2018; Ackerman et al, 2020). No significant differences in LEAF-Q scores were evident
between recreational age-groupers and top-percentile age-groupers, which may reflect the
smaller sample size of the latter performance group. The prevalence of those considered at-risk

of LEA by the LEAF-Q was marginally higher in top-percentile age-groupers compared with
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recreational age-groupers (8% difference). This may reflect that even in the non-elite athletic
population, as performance classification improves, the risk of developing LEA may also
increase. The prevalence of LEA found in the present study was similar to previous findings in
females participating in endurance sports (range: 18% to 80% - see table 2.2: Muia, et al., 2016;
Jesus, et al., 2021). There is limited evidence of differing LEA values depending on level of
competition in female endurance athletes (Slater, et al., 2016; Black, et al., 2018; Logue, et al.,

2019).

In the present study, 39% of participants identifying as recreational age-groupers were
considered at risk of LEA by the LEAF-Q, compared with 47% of top-percentile age-groupers.
Such findings are in line with data reported by Logue, et al., (2019) who observed a greater
prevalence of LEA risk (LEAF-Q) in Irish provincial/inter-county (~47%, n=155) and
international (~45%, n=162) athlete groups, than recreationally active individuals (33%,
n=235). Although a large sample size was recruited (n=833), participants formed a
heterogenous sample from various athletic cohorts (individual and team sports) and therefore
no direct comparison can be drawn. Further findings from Meng, et al., (2020) have also
reported a significantly higher prevalence of LEA in female Chinese elite athletes (56%, n=52),

compared with Chinese recreational athletes (35%, n=114), using the LEAF-Q.

In contrast to the current study, Meng, et al., (2020) surveyed athletes who participated
in aesthetic sports which included dance, cheerleading, aerobics, dance sport and rhythmic
gymnastics, rather than endurance sports. Comparable to the current study, recruiting
developmental to elite level athletes was difficult in these studies and was reflected in the
relatively small sample sizes. In addition, both Logue, et al., (2019) and Meng, et al., (2020)
used the LEAF-Q to identify those at risk of LEA which has currently only been validated in

endurance-trained athletes (Melin, et al., 2014). Due to the variability in the results from the
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tools available to measure the components of EA, some like De Souza, et al., (2014) question

whether LEA can ever be measured accurately quantitatively.

Two studies reported a prevalence rate similar to the current study when using the
LEAF-Q, however, the influence of performance levels was not directly examined. Folscher,
et al., (2015) reported 44% of elite and recreational South-African ultra-marathon runners
(n=134) were considered at risk, and Slater, et al., (2016) reported 45% of recreationally active
individuals in New Zealand (n=109) at risk. In contrast, using different assessment tools to
directly measure EA (i.e., LBM, EIl, and EEE measurements), Melin, et al., (2015) reported
20% of elite female endurance athletes (n=40) were in a state of LEA and Heikura, et al., 2018a)
reported a prevalence of 31% in elite female middle- and long-distance runners and race

walkers (n=35).

The current study extends previous work examining the prevalence of LEA that has
often focused on elite athletic populations, single-sport endurance events, and aesthetic sports.
The current study utilised a homogenous sample where although narrower in focus in regard
to the target population, the key advantage is clearer generalisability within a previously under-
researched group (Jager, Putnick & Bornstein, 2017). The current study demonstrates that LEA
occurs frequently in multi-sport endurance athletes competing as age-groupers, irrespective of
the level of competition. Further supporting the requirement for validation of simple and cost-
effective screening tools in non-elite groups and to target prevention strategies. The reasons for
the marginally higher LEA risk observed between recreational and top-percentile age-groupers
or the overall high prevalence in non-elite female triathletes are unclear from the results of the

current study.

Nevertheless, non-elite athletic groups may have less access to educational resources

regarding appropriate nutritional, training, and health practices. They may also be reliant in

181



advice from their coach, parent, or General Practitioner rather than specialised sports medicine
personnel. The assessment of general and sports nutrition knowledge or knowledge of Triad
and RED-S has been difficult to establish due to variability in the use of poorly validated
assessment tools. A review by Trakman, et al., (2016) found no differences in coach and athlete
nutritional knowledge between various sports or gender and inconsistent findings were found
between athletes and non-athletes. However, it was deemed plausible that elite athletes or
collegiate athletes receiving funding have greater access to resources and is therefore likely
they have greater knowledge than non-elite and non-funded athletes (Trakman, Forsyth, Devlin
& Belski., 2016). Folscher, et al., (2015) assessed knowledge of the Triad and the associated
health implications in elite and recreational ultra-marathon runners in the 2014 Comrades
Marathon (n=134). It was found only 8% of participants head heard of the Triad and of those
participants 94% could not name any of its components. Of the few that could (n=7)

osteoporosis was the most commonly named health consequence of Triad.

It is widely accepted that the physiological dysfunction outlined in the Triad and RED-
S models is a result of LEA and not high training load (Loucks, et al., 1998; Loucks, 2011).
The current study found significant differences in training load between groups with top-
percentile age-groupers spending more hours per week training than recreational age-groupers.
The higher training load will increase EEE and if these athletes do not adequately match EI
this could explain the increased risk of developing inadvertent LEA and the higher prevalence’s
of injury, gastrointestinal disturbances and menstrual dysfunction reported. Participants in the
current study were 1.05 times more likely to be considered at risk of LEA for each additional
hour of exercise per week. It is also possible that higher training loads may also suppress
appetite, increasing the difficulty of matching EI to EEE in endurance athletes (Nattiv, et al.,
2007; Mountjoy, et al., 2014; Wasserfurth, et al., 2020). Body mass and BMI did not influence

the risk of LEA; however, these components were significantly lower in top-percentile age-
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groupers. This may reflect an increased risk of developing DE behaviour that has been
associated with high training loads in leanness sports athletes (Logue, et al., 2019; Wasserfurth,
et al., 2020). Further research is required to examine the prevalence of LEA across the
performance pathway in various athletic cohorts and focus on the role of risk factors such as

training and nutritional practices.

6.4.2 Influence of performance level on exercise behaviour

Pollock, et al., (2010) observed significant associations between high training volume
with a negative EB and the most clinically significant symptoms of LEA (low BMD and FHA).
This has been particularly evident in endurance athletes likely due to the excessive EEE
(Pollock, Grogan, Perry & Pedlar, et al., 2010). Although difficult to distinguish, excessive
EEE in this particular athletic cohort may be explained as an inadvertent outcome of the high
training volume required to achieve performance goals or may be attributed to EXD (Mdiller,
et al., 2015; Marques, et al., 2019; Torstveit, et al., 2019). Similar to findings in the current
study previously discussed, Logue, et al., (2019) observed athletic and recreationally active
Irish females were 1.06 times more likely to be at risk of LEA for each additional hour of
exercise per week. Likewise, Meng, et al., (2020) reported higher training frequency and
volumes in elite athletes compared with recreational which may in part explain the higher
prevalence of LEA observed. In contrast to the current study, neither study examined the

prevalence of EXD.

Current literature has supported the observation that EXD symptomatology may
increase as performance level advances (Pierce, McGowan & Lynn, 1993; Szabo, et al., 2013;
De La Vega, Parastatidou, Ruiz-Barquin & Szabo, 2016). This may be associated with DE
behaviour and higher training loads, thereby increasing the risk of LEA (Szabo, et al., 2010;

Torstveit, et al., 2019). In the current study, significant differences in total EDS-R scores were
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evident between recreational and top-percentile age-groupers, although only a small difference
(2%) was evident in prevalence rates of those considered at risk of EXD. To date, limited
literature exists examining the prevalence of EXD observed across athletic populations,
performance levels and/or in female athletes. The prevalence rate observed in the current study
(8% to 10%) is double that of studies reviewed by Di Lodovico, et al., (2019) who reported a

prevalence rate of 4% in studies examining male and female endurance athletes using the EDS.

However, current findings are in line with Magee, et al., (2016) who examined male
and female Ironman triathletes (n=345) using the EDS-R and reported a prevalence of 8% at
risk of EXD. Similarly, Valenzuela, et al., (2017) reported a prevalence of 9% of male amateur
triathletes (n=93) at risk of EXD when using the EDS. Direct comparison between studies is
difficult due to the variability inherent with EXD literature related to terms, definitions, and
assessment tools used (Szabo, et al., 2015). Magee, et al., (2016) found ‘tolerance’ and ‘time’
were the most frequently cited EDS-R components in those classified as symptomatic or at risk
of EXD. It was proposed these components suggest physiological dependence which may
reflect the high training load and commitment required to complete an Ironman triathlon and
may not be problematic. This may be evident in the current study as ‘time’ was the most
frequently cited EDS-R component for top-percentile age-groupers which could simply reflect
the physical challenges of competing at a higher level. In contrast, the current study found ‘lack
of control” and ‘withdrawal effects’ as the most frequently cited among recreational age-
groupers This may suggest this group may have more psychological factors contributing to
EXD. For instance, recreational age-groupers had greater body dissatisfaction and concerns
about body fat than top-percentile age-groupers. This may suggest that in recreational age-

groupers EXD may be secondary in nature (Costa, et al., 2013).

Further research is required examining the prevalence of EXD as to date there is no
clear evidence that specific sport structures and levels of performance increases the risk for the
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development of EXD or EXD symptomatology (Marques, et al., 2019). This is particularly
important as research by Torstveit, et al., (2019) has indicated that the association between
training load, DE/ED, and EXD may elevate exposure to the negative health and performance
consequences associated with LEA. The reasons for the marginally higher prevalence rates of
top-percentile age-groupers considered at risk of EXD in the current study are unclear.
However, these differences may be attributed to differences in personality traits, motivation
and passion for exercise or competition, body dissatisfaction, perfectionism, vocational
dysfunction, psychosomatic problems and coping mechanisms for stress, anxiety, or depression
(Landolfi, 2013; Lichtenstein & Hinze, 2020). It is also important to acknowledge such
differences reported in the literature may be related to differences in interpretations of the
measures used in the assessment of EXD, opposed to greater psychological morbidity across
performance levels or athletic cohorts (Szabo, et al., 2015). Nevertheless, the current study
extends previous work examining the prevalence of EXD that has been limited in multi-sport
endurance athletes and female athletes. It further acknowledges the importance of monitoring
training volume and motivations for athletic participation as a method of managing El with

EEE.

6.4.3 Influence of performance level on eating attitudes

Besides the co-dependencies related to EXD that may increase the risk of LEA, there
is evidence that eating opportunities may also be reduced due to high training hours observed
both in endurance athletes and as performance level improves (Vescovi & VanHeest, 2016;
Burke, Castell, Casa & Close, et al., 2019). Although unclear in the current study, the
importance of identifying the aetiology of EXD as primary or secondary in nature has been
acknowledged in the literature (De Coverley Veale, 1987; Marques, et al, 2019). As research

has suggested the development of eating psychopathologies and depression may be greater in
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those who exercise excessively (Pefias-Lledo, Leal & Waller, 2002; Landolfi, 2013; Marques,

etal., 2019).

Irrespective of the pathway leading to the development of eating psychopathologies,
both DE /ED have been acknowledged as a risk factor in the development of LEA in athletes
(Ackerman, et al., 2020). Despite no significant differences or associations reported in the
current study, which may be in part explained by sample size, it was found 9% of both
recreational and top-percentile age-groupers were at risk of ED. Additionally, more top-
percentile age-groupers were at risk of DE (30%) compared with recreational (24%), although
again, not to a significant level. Existing research examining the prevalence of DE/ED in the
athletic population is difficult to surmise and largely inconclusive. Similar to EXD, the
literature typically uses a myriad of definitions, inconsistent assessment methods, small sample
sizes and often undertaken with elite female athletes, limiting the generalisability of findings

(Joy, et al., 2016).

Nevertheless, the current findings agree with previous literature where ED prevalence
rates appear to be higher among female athletes compared with general population rates of 2-
4% (Sundgot-Borgen, et al., 2004; Smink & Hoek, 2013; Dahlgren, et al., 2017). Smink, et al.,
(2013) suggested the prevalence of DE was greater than that of ED which also agrees with
current findings. To date the relationship between performance level and DE/ED risk has not
been systematically investigated, however, Sundgot-Borgen, et al., (2004) reported 42% of
Norwegian elite female athletes from aesthetic sports and 24% from endurance sports presented
with DE symptoms using the gold standard method of assessment (EDE). Similar to the current
study, Folscher, et al., (2015) used the validated FAST and reported 27% of elite and
recreational South-African ultra-marathon runners were considered at risk of DE and 5% of

ED. In contrast, Mongrain, et al., (2018) used a different validated tool (EAT-26) in non-elite
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multi-sport endurance athletes (114 males and 48 females) and found that only 13% of female

athletes were at risk of DE.

Collectively, studies examining athletic populations have suggested prevalence rates of
DE pathology (including ED) up to 52% (Blaydon, et al., 2002; Joy, et al., 2016) across a
variety of leanness sports and performance levels, which agrees with the current study.
However, both the prevalence and influence of performance level on the development of eating
psychopathologies remains unclear, and true prevalence may be higher when using gold
standard methods or future assessment methods developed specifically for athletes. Although
no significant differences were found, this may be explained by the relatively small sample size
for top-percentile age-groupers and the use of a single self-report questionnaire that is not a

formal diagnostic tool, such as the EDE clinical interview (Joy, et al., 2016).

The reasons for the relatively high prevalence’s of DE/ED found in both groups may
be explained by general risk factors (biology, genetics, age, and pubertal status), psychological
(body dissatisfaction, low self-esteem, personality traits (i.e. perfectionism or negative affects),
socio-cultural (peer pressure, influence of media, bullying or family history of DE/ED), sport-
specific (training load, personality, diet pressure, traumatic events including injuries, rules and
regulations of sports or coaching behaviour), and gender-specific risk factors (drive for thinness
or muscularity and homosexuality; Bratland-Sanda & Sundgot-Borgen, 2013). Therefore, to
mitigate the development of DE behaviour that may lead to the onset of LEA, athletes, coaches,
and parents should inform themselves about psychological and physiological changes that may

have a negative impact on health and performance (Mountjoy, et al., 2018).

6.4.4 Limitations

The current study should be interpreted with caution. Although this is one of the few

studies to examine the influence of performance level on LEA, DE/ED and EXD risk. Results
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are based on self-identified performance level, rather than quantifiable performance level. In
addition, results are based on cross-sectional comparisons of participants in different
performance levels, rather than observations of change as participants progress from
recreational age-groupers to top-percentile age-groupers to elite. The sequence of events that
lead to the findings reported in the current study cannot be determined and cannot imply
causality. The use of longitudinal studies in recreational and developmental athletes would
provide better interpretation in future work, allowing attributions related to cause or direction
of effects. The n = 10 elite female triathletes excluded highlights the difficulty and challenge
of recruiting developmental to elite level athletes, particularly those competing in major
championship events. Similar studies conducted in this area would be advised to include larger
sample sizes of top-percentile age-groupers and elite level female triathletes. Nevertheless,
combined with findings from previous research, the results are valuable in highlighting at risk
groups across developmental performance levels for the non-elite athlete and directing future

screening, early detection, and target awareness education.

6.5 Conclusion

The current study suggests that self-identified top-percentile age-groupers may have a
tendency for higher risk of developing LEA and DE/ED. The risk of EXD appears to be similar,
however, the symptomology may differ between performance levels. EXD was associated with
performance level with a higher training duration evident in top-percentile age-groupers which
may provide some explanation for the elevated risk of LEA. It is important to note that these
concepts existed at all levels above general population norms, placing non-elite female
triathletes at risk for long term health consequences. It is imperative that additional educational
resources on appropriate nutrition, training, and health practices, as well as, signs and
symptoms of LEA, DE/ED, and EXD are targeted to non-elite athletes, coaches, and parents.
The current study extends previous work examining multi-sport endurance athletes,
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emphasising the importance of targeting research to enable implementation of early screening

and prevention strategies in the pursuit of athlete health.
6.6 Statement of original contribution

= This is the first study to screen female triathletes (n = 383) to estimate the prevalence
of LEA, DE/ED and EXD in different performance levels for athletes classified as age-
groupers (non-elite triathletes).

= This is the first study to determine if differences exist between performance levels in
LEA, DE/ED and EXD scores in female triathletes.

= This is the first study to examine associations between performance level and LEA,

DE/ED and EXD in female triathletes.

189



CHAPTER 7

CHANGES IN ENERGY AVAILABILITY
ACROSS THE SEASON IN FEMALE
TRIATHLETES
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7.1 Introduction

Although daily fluctuations in nutrient availability occur, dietary energy is fundamental
for the optimal functioning of the physiological processes essential for life. Inadequate overall
dietary EI may cause sub-optimal functioning of these processes and the prioritisation of some
systems over others. This is widely recognised in bioenergetics as EA (Loucks, et al., 2011).
Traditionally, nutritional research and practice has focused on the concept of energy balance
(EB = El — TEE; detailed in chapter 2.3.1; Westerterp & Saris, 1991; Westerterp, et al., 1992;
Loucks, 2004; Westerterp, 2013). To regulate EB, individuals are required to match EI with
the amount of energy expended during the day from physiological processes (i.e., RMR, TEF,
NEAT, and EEE). EB is therefore viewed as an output from those physiological systems

(Loucks, et al., 2011; Areta, et al., 2021).

In contrast, EA is investigated with regards to the effect of a specific metabolic demand
on physiological processes such as, exercise training. As demonstrated in studies 1-3, triathlon
is characterised by ‘large volumes of frequent and intense training’ (Vescovi & VanHeest,
2016) which increases the amount of energy expended in locomotion. Longitudinal studies
examining training and competition volume, intensity and duration for male and female non-
elite triathletes are limited (Vleck, Millet, & Alves, 2014). Shaw, et al., (2004) reported non-
elite triathletes (age-groupers; 26% female) on average spent between 8 and 15 hours per week
training with a total weekly training distance between 108 and 239 km. As such, endurance
athletes are characterised by high fluctuations of TEE due to the variability of EEE both on a
micro (i.e., several days) and macro level (i.e., across the season; Heydenreich et al, 2017). EA
is defined as El minus EEE, relative to each kilogram of LBM (Loucks & Verdun, 1998).
Unlike EB, EA is viewed as an input to those physiological systems as EA is understood as the
amount of residual energy for those processes after removing the energy cost of exercise

training (Loucks, et al., 2011; Areta, et al., 2021). EB may not be the most appropriate measure
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within the athletic population. It is considered unreliable to solely use measures of total or
resting energy expenditure to determine the energy available for optimal physiological

functioning, as they will underestimate an athlete’s energy requirements (Loucks, 2004;

Loucks, et al., 2011; Areta, et al., 2021).

As demonstrated in studies 1-3, endurance athletes, such as triathletes, have been
identified as an ‘at risk’ group for the development of LEA and subsequently Triad/RED-S
symptoms (Nattiv, et al., 2007; De Souza, et al., 2014; Mountjoy, et al., 2014; 2018). Previous
findings from study 1 reported 42% of female triathletes were classified as at risk of LEA
(LEAF-Q). Further findings from study 5 identified the prevalence of those at risk of LEA was
higher in younger female triathletes and study 3 identified a tendency for a higher prevalence
of LEA and greater training duration as performance level improved in non-elite female
triathletes. Well-controlled laboratory experiments with sedentary eumenorrheic normal
weight females have determined EA thresholds associated with energy conservation or
disturbances to physiological systems (Loucks & Thuma, 2003; Loucks, 2014). Proposed
classifications of EA thresholds in females are optimal EA >45 kcal-kgLBM™-day?,
subclinical LEA 30-45 kcal-kgLBM™-day?, and clinical LEA <30 kcal-kgLBM-day? (De
Souza, et al., 2014; Loucks, 2014; Melin, et al., 2015), though such distinctions are rather

arbitrary.

To date, studies on free-living athletes have been unable to determine clear EA
thresholds, however, the three main aetiological factors for the development of LEA have been
identified (Nattiv, et al., 2007; De Souza, et al., 2014). These include, 1) clinical ED, 2)
intentional but mismanaged efforts to alter body composition to optimise athletic performance
that may include DE behaviour, and 3) inadvertent failure to increase dietary EI to match EEE
(Nattiv, et al., 2007). Previous findings from study 1 reported 25% and 9% of female triathletes
were classified with DE and ED (FAST), with higher levels reported in younger triathletes in
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study 2. These risk factors, taken together with the changing training demands, may be
associated with periods of lower El and consequently LEA across various time points of the

season in competitive female triathletes.

Much of the research regarding athletic energy status has focused on elite and sub-elite
populations from single-sport endurance events (Logue, et al., 2018; 2020). Similarly, an
athlete’s energy requirements are dependent on seasonal training and competition demands,
and in the case of triathlon, dependent on the event type (e.g., sprint triathlon or Iron-distance
triathlon). Limited research exists examining EA across the training season in a single cohort
of female athletes. Zabriskie, et al., (2019) examined energy expenditure, EB, and body
composition over an academic year in Division Il collegiate female lacrosse players. Reed, et
al., (2013) examined EA and eating attitudes in NCAA Division | female soccer players during
the pre-, mid-, and post-season. Zanders, et al., (2018) monitored energy expenditure, El, and
EA across five phases of the competitive season in NCAA Division Il female basketball players
from September to April. However, the demands of team-sports on energy status are likely

different to those of multi-sport endurance athletes.

Therefore, the current study followed a cohort of competitive female triathletes across
a full triathlon season and thus, the aims of the study were three-fold. 1) Examine changes in
EA and eating attitudes across the different phases of the season in competitive female
triathletes. 2) Investigate the prevalence of those identified with LEA and those considered at

risk of DE/ED, and 3) examine how prevalence rates change across the triathlon.

7.2 Materials and methods

7.2.1 Research design

A longitudinal study design was used. Data collection commenced at the beginning of

the pre-competitive season (March 2019) and finishing during the transition/build phase of the
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season (January 2020). The primary outcomes for study 4 were to observe and assess changes
in EA and eating attitudes (FAST). As such, the core components of EA were observed and
assessed for seven consecutive days across eight phases which were separated by two months.
The core components of EA include body composition (LBM), ElI and EEE. Participants
recorded all food and drink consumed using a commercially available food and nutrition
tracking application (MyFitnessPal, Under Armour, Baltimore, MD, US) and wore a Polar
V800 physical activity monitor with H10 heart rate monitor (Polar Electro, Oy, Kempele,
Finland) during all training sessions. To screen for LEA risk and observe and assess changes
in eating attitudes, participants were provided with a URL link to a self-administered online
questionnaire, using the Qualtrics electronic management system (Qualtrics, London, UK).
Participants were sent a link via email or SMS on day 1 of the monitoring week and asked to
complete the questionnaire by day 7. A reminder was subsequently emailed to all participants
on day 4. Study 4 formed part of a larger study, beyond the scope of this thesis, whereby aerobic
fitness was assessed every three months of the triathlon season. For descriptive purposes across
the phases of the season, the maximal oxygen consumption (VOzmax) for running and cycling

was included in study 4. Figure 7.1 illustrates the research design.

The study was granted ethical approval (Appendix 1) from the University of Sunderland
Research Ethics Group and conducted in accordance with the Declaration of Helsinki (2013).
All participants took part in the study voluntarily, were provided with information specifying
the study details, provided written consent for their data to be used in the study, and no
incentives were offered (Chapter 3.2-3.3; Appendices 1-3). One of the key ethical issues of
study 4 was the repeated measures of dietary analysis and body composition, particularly in
individuals with a history of DE/ED or FHA. As a result, a health history questionnaire was
administered and individuals with a previous or current diagnosis of DE/ED, menstrual

irregularities and/or FHA were not included. All participants completed a familiarisation week.
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7.2.2 Participants

A total of ten, female triathelets completed the study (mean = SD: 27.7 + 8.6 years; 1.67 £ 0.04
m; 62.2 £ 3.2 kg; 22.6 = 1.3 BMI; 20.1 + 4.5% body fat). Participants were recruited from
registered British Triathlon clubs (which included University triathlon clubs) in the North-East
of England via an emailed recruitment poster and word-of-mouth. During an initial visit, study
details and participation requirements were explained, written informed consent and
completion of an Institutional Review Board-approved pre-participation health screening
medical form (Appendix 4) was obtained. Table 3.1 (Chapter 3) outlines the inclusion ad
exclusion criteria for study 3. Table 7.1 outlines participant recruitment, exclusion, and
inclusion into the final study sample for study 4. Due to the longitudinal design, logistics, and
time constraints on both participant and researcher in study 4 the primary goal was to recruit
10 to 15 individuals which was in line with previous studies who directly measured EA (Doyle-
Lucas, et al., 2010; Schaal, et al., 2011; Moss, et al., 2020; Zanders, et al., 2021 — table 2.2).
The final sample included ten participants without significant injury or pregnancy who were

fully participating in triathlon training during each assessment phase.

Table 7.1 Sample size for study 4

N recruited Excluded Included

N=1 non-compliance/uncomfortable with repeated
measures of El

N=1 personal circumstances (bereavement)

N=1 medical reasons

7.2.3 Energy availability and eating attitudes (primary outcome measures)

7.2.3.1 Anthropometry

During each phase, with participants unshod, wearing a t-shirt and gym shorts body

mass was recorded to the nearest 0.1 kg with a digital scale (703, Seca, Germany) and stature
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was measured to the nearest 0.1 cm using a digital stationary stadiometer (264, Seca,

Germany). Applying these variables, body mass index (BMI) was calculated as; 22227455(k9)

stature(m)? ’
A flexible measuring tape (201, Seca, Germany) was used to obtain two measurements of waist
and hip circumference to the nearest 1.0 cm consistent with the International Society for the
Advancement of Kinanthropometry guidelines described by Norton (2018). Waist
circumference was measured at a level midway between the lowest rib and the anterior superior
iliac crest. Hip circumference was measured at the level of the greatest posterior protuberance
of the buttocks, without compressing the skin. Participants were stood upright with feet
together for even weight distribution, arms hanging freely at the sides with measurements

conducted at the end of a normal expiration.

Body composition including body fat percentage and LBM were determined by
bioelectrical impedance analysis (BIA). A non-invasive, indirect method using a two-
compartment model, at a single frequency of 50 KHz (Bodystat 1500, Bodystat, Isle of Man)
which has been validated against the DXA method (Batterham, Tapsell & Jenkins, 2002).
Although field methods such as BIA are inherently prone with estimation errors, comparisons
of BIA devices with two component models in a variety of athletes have produced valid results
with “r values > 0.67, standard error of estimate values < 4.3% bodyfat, and total errors < 4.6%
bodyfat and 2.4 kg of FFM” (Moon, 2013). Participants were in a supine position with arms
>30 degrees away from their torso and legs separated. After cleaning with alcohol, self-
adhesive electrodes were placed on the right hand and foot. Proximal electrodes were placed
on the dorsal surface at the ulnar styloid process at the wrist and on the dorsal surface between
the malleoli at the ankle. Distal electrodes were placed on the dorsal surface of the metacarpal
phalangeal joint, 1 cm proximal to the knuckle of the third finger on the hand and on the dorsal

surface of the metatarsal phalangeal joint, 1 cm proximal to the joint of the second toe on the
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foot. All measurements were obtained after participants had rested in the supine position for 5

minutes (Moon, Stout, Smith & Tobkin, et al., 2010).

To ensure the comfort of the participant, verbal consent was given prior to each
measurement, verbal cues were given throughout, a private room was used, the measurement
was taken by a member of the sex, and the option to have a second member of the research
team present who also was of the same sex was offered. BIA is prone to estimation errors due
to biological factors such as, hydration status, recent food and drink intake, training load, and
recent exercise activity (Moon, 2013). In an effort to control such factors participants were
advised to hydrate adequately (~2L-day) in the 24-h prior to the test, eat and drink similar foods
in the 24-h prior to the test, and to avoid high-intensity exercise 24-h prior to the test (Moon,
2013). Acknowledging the limitations discussed, BIA was used in study 4 due to the relatively

non-invasive and time-efficient benefits of the protocol.

7.2.3.2 Dietary energy intake

El was assessed during each phase with diet records kept for seven consecutive days
with participants asked to record all weighed food and drink consumed, including alcohol.
Participants were provided a familiarisation session where they were asked to download the
MyFitnessPal application to their mobile device and login with the details provided by the
principal investigator. During the session participants were given in-depth written (Appendix
11.1) and verbal instructions on the functionality of the application, dietary reporting strategies,
instructed on how to alter serving sizes within the application, and provided links to educational
materials related to serving sizes when weighing of food or drink was not possible (Appendix
11.1). Participants were also asked to record photographs of any meals that could not be
weighed where they utilised the serving size resources provided (i.e., eating out at a restaurant).

Participants were instructed to maintain and follow their normal eating pattern. All diet records
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were reviewed, and participants were contacted via email or telephone when further clarity or
supplementary information was needed following completion of each phase. All participants
completed a minimum of one familiarisation session of recording a seven-day diet record
during January 2019 and two participants completed a second. During phases 6 and 8, one
participant was unable to utilise the application due to technical difficulties and therefore kept
a paper diet record which was given to the principal investigator to upload. Nutrient data from
the diet records were coded and analysed using Nutritics analysis software (Nutritics Ltd 2020,
Co. Dublin, Ireland) for energy (kilocalorie), macronutrients (carbohydrates, fat, and protein)
for each phase and expressed as a daily average for total and relative intakes. Nutritics is based
on McCance and Widdowson 7% edition augmented with directly sourced information from

manufacturers.
7.2.3.3 Exercise energy expenditure

Alongside the seven-day diet records, EEE was assessed where participants kept a
training record and wore a HR monitor during each phase. Participants were instructed to
maintain and follow their normal training regime. During the familiarisation session
participants were asked to download a commercially available exercise tracking application
(Strava Inc, San Francisco, CA, US) to their mobile device and share their diary with the
principle investigator. The Strava application was used in study 4 as all participants currently
used this application as a training log and it is heavily used within the triathlon community,
giving a real-world application to the study. During the session participants were given in-
depth written (Appendix 11.1) and verbal instructions on the functionality of the application
and training reporting strategies. Participants were also educated on the setup, functionality,
pairing of the HR sensor and training recording strategies specific to the Polar V800 watch.
Prior to each phase of testing, the Polar V800 watches were set according to each individual’s
current age, height, weight, HRmax, SeX, VO2maxand paired with the corresponding HR sensor.
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The algorithm used for the estimation of EEE are pre-fixed by Polar Electro and not indicated
in the manual, however, the Polar V800 has been validated previously in estimating EE in
aerobic activity (Hernandez-Vicente, Santos-Lozano, De Cocker & Garatachea, 2016).
Participants were instructed to wear the watch on the left wrist and the HR monitor around the
chest. Participants were instructed to describe each session in as much detail as possible,
including, type, duration, distance, intensity, and RPE (explained during familiarisation) of the
session and to wear the HR monitor at all sessions, including swimming and during cycling
(training and transportation). All participants completed a minimum of one familiarisation
session of recording a seven-day diet and training record during January 2019. Training data
were saved on both the Strava application and watch which was later synchronized using the
Polar Flow online software (Polar Electro Oy, Kempele, Finland) to analyse EEE (kilocalories)
and training time (hours) for each phase and expressed as the mean daily EEE for described

exercise sessions and mean weekly training time.
7.2.3.4 Energy availability calculations

Measures of El and EEE were assessed during the same seven consecutive days, during
each phase, to enable the calculation of EA. EA was observationally defined as EI minus EEE
relative to kilograms of LBM (kcal-kgLBM™-day™) (Loucks et al, 2011; Loucks & Thuma,
2003). Measures of LBM were obtained during one of the three consecutive days prior to the
start of the seven-day data collection phase when participants received the Polar V800 watch.
The mean daily El and mean daily EEE was used for the calculation of current EA. To control
for the potential underestimation of EA, EEE was corrected for the participant’s resting EE
(kcal) without EEE estimated from the Polar HR monitors, that would have occurred during
the equivalent time period (Heikura, et al., 2018a; Loucks & Thuma, 2003). To estimate resting
EE (kcal-day-1), predictive resting metabolic rate (pPRMR) was calculated using the
Cunningham (1980) equation (500 + (22 x LBM)). This is accepted as the most applicable for
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endurance athletes (Staal, et al., 2018; Thompson & Manore, 1996) and has previously been
used with male triathletes (Torstveit, et al., 2019). To identify the validity of self-reported
nutritional data, the El : jRMR ratio was calculated (Black, et al., 2000). Low validity of El
was identified with a physical activity level < 1.6 which has previously been used with

endurance athletes (Melin, et al., 2015).
7.2.3.5 Questionnaire data

Questionnaire data used in the study are outlined in Chapter 3.4 and Chapter 4.2.4 of
this thesis. During each phase, a self-administered online questionnaire was constructed and
distributed (via a URL) in English using the Qualtrics electronic management system
(Qualtrics, London, UK) with participants receiving a unique participant code to input.
Participants were provided the URL link on day 1 of the monitoring week and instructed to
complete the questionnaire by the end of week on day 7. All participants received a mid-week
questionnaire completion reminder. In brief, the online questionnaire incorporated the LEAF-
Q (Melin, etal., 2014) to assess LEA risk and the FAST (McNulty, et al., 2001) to assess eating

attitudes.
7.2.4 Aerobic fitness (secondary, descriptive measure)

Study 4 formed part of a larger study where aerobic fitness (running and cycling) was
assessed every three months of the triathlon season. During the larger study, beyond the scope
of this thesis, a submaximal graded exercise test (GXT) was used to determine a lactate profile,
subsequently followed by a maximal ramp protocol to determine VO2zmax. This protocol has
previously been validated in the healthy adult population used in this study (Bennett, Parfitt,
Davison & Eston, 2015; Beltz, Gibson, Janot & Kravitz et al, 2016). For descriptive purposes
in study 4, the maximal oxygen consumption (VO2zmax) Was used as a marker of aerobic fitness

for running and cycling across the season, lactate threshold was not used in study 4. If study 4
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were to be repeated, a maximal ramp protocol of 1-min continuous stages would have been
used as a marker of aerobic fitness or as an alternative time trials (i.e., 20 or 30-min) for running
and cycling performance would have been used (AIS, Tanner & Gore, 2013). However, for the
purpose of this thesis a full description of the protocol used in the larger study is detailed

accordingly.

Each of the VO2max tests were conducted on separate days within a ten-day period with
a minimum of 24 hours between each test to optimise recovery. Participants were asked to
refrain from exercise in the 24 hours prior to each test and to report for testing at the same time
of day within a 2-hour limit. Participants were also instructed not to ingest food in the 3 hours
preceding testing and to avoid caffeine and alcohol in the 24 hours prior to arrival in the
laboratory. Volume calibration of the Cortex Metalyser 3B (Cortex, Biophysik, Leipzig,
Germany) was performed manually with a 3-L syringe and gas calibration conducted against
ambient air and a known gas concentration (5% CO2, 15% O, and 80% N) prior to each
individual test. Preceding each test, three blood pressure readings, using an automated
sphygmomanometer (OMRON, M3, Hoofddorp, Netherlands), were recorded after a supine
rest period of 5 minutes, each separated by 2 minutes. A heart rate monitor (H10, Polar Electro,

Finland) was used throughout all tests to measure heart rate (HR).
7.2.4.1 Treadmill test

The test consisted of a submaximal GXT that consisted of 4-6 x 3-min discontinuous
exercise stages at a fixed gradient of 1% on a motorised treadmill (Desmo Pro, Woodway Inc,
Wisconsin, USA) to determine a lactate profile. The exercise intensity was increased by 1
km-h? until the onset of blood lactate accumulation (LTosLa), an exercise intensity
corresponding to 4 mmol-I? (Santos-Concejero, Granados, & Irazusta et al, 2014). Once

LTosLa Was attained, participants continued the test with a maximal ramp protocol to determine
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VOzmax that consisted of 1-min continuous exercise stages at a fixed gradient of 1%, with

exercise intensity increasing by 1 km-h until volitional exhaustion.
7.2.2.2 Cycle ergometer test

The test consisted of a submaximal GXT that consisted of 4-6 x 3-min continuous
exercise stages at a cadence of 70 RPM on an electronically braked cycle ergometer (Lode,
Excalibur, Groningan, Netherlands) to determine a lactate profile. The exercise intensity was
increased by 30W until LTosLa, an exercise intensity corresponding to 4 mmol-I" (Santos-
Concejero et al, 2014). Once LTosLa Was attained, participants continued the test with a
maximal ramp protocol to determine VOzmax that consisted of 1-min continuous exercise

stages, with exercise intensity increasing by 30W until volitional exhaustion.
7.2.4.3 Physiological data

VOzmax and RER was acquired with data stored on the inherent database (Metasoft
version 5.1.0, Cortex Biophysik GmbH, Leipzig, Germany). The primary criterion for
establishing VOzmax is a plateau, in the event that a plateau is not achieved secondary criteria
is used. Confirmation of VO2maxWas based on achieving at least three of the following criteria
previously recommended for use in female triathletes (Snoza, Berg & Slivka, 2014): 1) + 10
beats.min! of age-predicted maximum HR (Nes, Janszky & Wisloff et al, 2013); 2) RER >1.10
(Midgley, McNaughton, Polman & Marchant, 2007); 3) plateau of <2.1 ml-kg*-min* in VO
(Millet, Dreano & Bentley, 2003); 4) RPE >17 (Beltz, et al., 2016); 5) blood lactate
concentration >8 mmol-1"! (Edvardsen, Hem & Anderssen, 2014). Offline analyses then
determined VO2zmax as the highest 15 second average (Robergs & Burnett, 2003). Rating of
perceived exertion (RPE) was assessed using the Borg 6-20 scale at the end of every stage

during the submaximal and maximal GXT (Borg, 1970). HR was recorded during the last 15
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seconds of the final minute of each exercise stage throughout the protocol (Liguori & ACSM,

2020).
7.2.5 Statistical analysis

All statistical analyses were performed using SPSS (V.25; IBM Company, SPSS Inc.,
Chicago, USA) and p <0.05 was considered statistically significant. Data normality was
assessed using the Shapiro-Wilk test. All data are presented as means + standard deviation
(SD). Frequency analysis was undertaken for EA thresholds and key components of the LEAF-
Q and FAST questionnaire scores. To examine changes across the phases, repeated measures
analysis of variance (ANOVA) was performed. When indicated, Bonferroni post hoc

corrections were used to identify significantly different phases.

7.3 Results

7.3.1 Difference between phases (participant characteristics)

Changes in descriptive data for all participants (n=10) across all eight phases are shown
in table 7.2. Body mass, BMI, fat mass, run VOamax, training time or training HR remained
relatively constant across the season (p > 0.05). Statistically significant differences in body fat
were detected across the season, F (5, 45) = 2.642, p = .035. A large effect was observed as a
n?, of 0.227 indicates that 22.7% of the between-subjects variance was accounted for by body
fat. The assumption of sphericity was met as assessed by Mauchly’s test of sphericity, ¥ (14)
=21.200, p = .113 but post hoc analysis with a Bonferroni adjustment revealed no significant
differences between phases (p > .05). Statistically significant differences in LBM were detected
across the season, F (5, 45) = 2.524, p = .043. A large effect was observed as a n?, of 0.219
indicates that 21.9% of the between-subjects variance was accounted for by LBM. The
assumption of sphericity was met, y? (14) = 15.627, p = .364 and post hoc analysis with

Bonferroni adjustment revealed that LBM was statistically significantly higher in Phase 4
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(July) than Phase 8 (January; 1.630 (95% ClI, .039 to 3.221 kg, p = .043) but not between any
other phases (p > .05). Statistically significant differences in cycle VOamax Were detected across
the season, F (3, 15) = 3.690, p = .036. A large effect was observed as a n, of 0.425 indicates
that 42.5% of the between-subjects variance was accounted for by cycle VOzmax. The
assumption of sphericity was met, y? (5) = 2.070, p = .844 but post hoc analysis with a

Bonferroni adjustment revealed no significant differences between phases (p > .05).

50% of participants reported taking oral contraceptives during the duration of the study.
Of the five participants not taking oral contraceptives, three reported regular menstrual cycles
of 26-35 days in length, one reported oligomenorrhoeic cycles of 36-90 days in length, and one

reported secondary amenorrhoea throughout the duration of the study.
7.3.2 El, EEE & ;RMR

Self-reported El, EEE, ,RMR, and EI : ,RMR ratio across the season are shown in table
7.3. Participants recorded ingesting 1988 + 44 kcals-day on average throughout the season
with no significant differences in self-reported EI detected across the season which may be due
to lower power (p = 0.728). El : pRMR ratio highlighted participants consistently under-
reported EI across the season, however no significant changes across the season were detected
which may be due to lower power (p > .05). Statistically significant differences in (RMR were
detected across the season, F (5, 45) = 2.507, p = .044. A large effect was observed as a n?, of
0.218 indicates that 21.8% of the between-subjects variance was accounted for by \RMR,
however this is based on a predictive equation rather than measured RMR. The assumption of
sphericity was met, ¥* (14) = 15.726, p = .358 but post hoc analysis with a Bonferroni
adjustment revealed no significant differences between phases (p > .05). Statistically
significant differences were detected in EEE across the season, F (2.922, 26.299) = 3.042, p =

.048.
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Table 7.2. Differences in descriptive characteristics and anthropometrics of female triathletes (n = 10) across the season.

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 6 Phase 7 Phase 8 P
(March) (May) (June) (July) (September) (November)  (December) (January)
Age (years) 28+9 - - - - - - - -
Height (m) 1.67 +0.04 - - - - - - - -
Mass (kg) 62.2+3.2 62.4+£3.2 - 63.3+£25 625+2.2 63.1+2.6 - 62.3+2.3 0.879
BMI (kg-m?) 225+1.6 225+1.3 - 22.7+14 226+1.2 22.8+1.3 - 226+15 0.554
Body fat (%) 20.1+£45 21.8+4.2 - 21.9+58 20.7x£5.3 21.9+49 - 23940 0.0357
Fat mass (kg) 12632 136128 - 13939 13.0+34 13.9+33 - 14926 0.134
Lean body mass (kg)  49.7 +2.7 488+ 3.1 - 49.5 + 3.6* 499+4.0 49.2+3.0 - 47.7+£3.0 0.043"
Run VOzmax 453+44 - 453+4.2 - 41.4+45 - 41.9+£4.3 - 0.185
(ml-kgt-min?)
Cycle VO2max 445+ 3.3 - 456 +£5.6 - 39.7+£55 - 40.3+£6.1 - 0.036"
(ml-kgt-min?)
Training Time 6.3+24 6.2+3.1 - 58+1.6 5127 4622 - 55+24 0.066
(hours-week)
Training HR 145+ 9 142 + 17 - 145+11 146 + 16 138 + 14 - 140 + 13 0.175

(beats-min™)

Data is presented as mean + SD. 1 Significant effect of Phase via Repeated Measures ANOVA but pairwise comparisons for each phase p >.05. * Significant
effect of Phase via Repeated Measures ANOVA with significant pairwise comparison. ! Significantly different from Phase 8.
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A large effect was observed as a n?, of 0.253 indicates that 25.3% of the between-subjects
variance was accounted for by EEE. The assumption of sphericity was not met, ¥ (14) =
30.773, p = .008. Epilson (€) was .584, as calculated according to Greenhouse and Geisser
(1959) and used to correct the one-way repeated measures ANOVA. Post hoc analysis with
Bonferroni adjustment revealed that EEE was statistically significantly lower in Phase 6
(November) than in Phase 5 (September; 39.4 (95% ClI, 8.1 to 70.7) kcal, p = .011) but not

between any other phases (p > .05).

Table 7.3 Changes in self-reported El, EEE, ,RMR in female triathletes (n=10) across season.

El El EEE pRMR El : PRMR
(kcal-day™) (kJ-day?)  (kcal-day?)  (kcal-day™)
Phase 1 2038 + 284 8445+ 1247 359 + 135 1594 + 60 1.27+0.2
(March)
Phase 2 1978 + 437 8311+1841  370+217 1573 £ 69 1.26 +0.3
(May)
Phase 3 - - - - -
(June)
Phase 4 2035 + 457 8548 + 1928 327 + 160 1569 £ 59 1.28+0.3
(July)
Phase 5 1933+ 324 8122 +1375 343 +226 1609 £ 91 1.21+0.2
(September)
Phase 6 1948 + 329 8186 £ 1394 242 + 157* 1577 £+ 66 1.24+0.2
(November)
Phase 7 - - - - -
(December)
Phase 8 1998 + 385 8391 +1630 304 +139 1549 + 67 1.29+0.2
(January)
P 728 .783 048" 044" 691

Data is presented as mean = SD. EEE, exercise energy expenditure; El, energy intake; Kcal,
kilocalorie; kJ, kilojoule; g, gram; \RMR = predictive resting metabolic rate.* Significant effect of
Phase via Repeated Measures ANOVA with significant pairwise comparison. ! Significantly
different from Phase 5.

7.3.3 EA and LEA risk (LEAF-Q)

Figure 7.2 presents the EA of individual female triathletes across the season. No

significant differences in EA were detected across the season (p = .591). LEA (<30
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kcal-kgLBM™-day™) was observed in 2 of 10 (20%) participants during phase 1 (March) and
phase 6 (November), and in 3 of 10 (30%) during phases 2 to 5 (May to September). Of those
participants demonstrating LEA, one participant presented with LEA during all phases across
the season and another participant across five phases from March to November. One participant
presented with LEA during phases 4 to 5 (July to September) and in phase 8 (January), and two
further participants presented with LEA each in separate phases (phase 2 and phase 8). Two
participants (20%) displayed one instance of optimal EA (>45 kcal-kgLBM*-day™) throughout
the season and all other phases were considered subclinical LEA (30-45 kcal-kgLBM™-day™?).

Subclinical LEA was observed by most participants and maintained throughout the season.
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Figure 7.2. Energy availability of individual competitive female triathletes across the
season.

Solid black circles represent EA of individuals with LEA (<30 kcal-kgLBM-day™?) across the
season. Open dark grey circles represent EA of individuals with subclinical LEA (30-45
kcal-kgLBM™-day™). Open light grey circles represent EA of individuals with optimal to high
EA (>45 kcal-kgLBM.day™). Solid black bars represent the mean EA (kcal-kgLBM™).
Dashed black line represents a threshold of LEA (<30 kcal-kgLBM™.day™) and dashed grey
line represents a threshold of optimal EA (>45 kcal-kgLBM™-day™).
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Figure 7.3 presents LEA risk (LEAF-Q) and the EA of individual female triathletes
across the season. Statistically significant differences in LEA risk identified by the LEAF-Q
were detected across the season, F (5, 45) = 1.629, p = .011. A large effect was observed as a
n?, of 0.274 indicates that 27.4% of the between-subjects variance was accounted for by the
LEAF-Q. The assumption of sphericity was met, y? (14) = 14.625, p = .432 but post hoc analysis
with a Bonferroni adjustment revealed no significant differences between phases (p >.05). Five
of 10 (50%) participants were classified at risk of LEA by the LEAF-Q in phases 1 (March)
and 5 (September), in 3 of 10 (30%) during phase 2 (May), in 4 of 10 (40%) during phases 4

(July) and 6 (November), and in 1 of 10 (10%) during phase 8 (January).

Of those participants who presented with subclinical LEA (30-45 kcal-kgLBM™-day
1), one participant was considered at risk of LEA by the LEAF-Q during all phases across the
season, another was considered at risk of LEA throughout phases 1 to 6 (March to November),
and another participant was considered at risk of LEA throughout phases 4 to 6 (July to
November). Of those participants who presented with LEA (<30 kcal-kgLBM™-day), one
participant who presented with LEA across five phases of the season (March to November)
was only considered at risk of LEA by the LEAF-Q during phase 1 (March). Another
participant who presented with LEA throughout the season was considered by the LEAF-Q at

low risk of LEA during all phases.
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Figure 7.3. Low energy availability risk (LEAF-Q) and energy availability of individual
competitive female triathletes across the season.

Dashed black line represents a threshold of those considered at risk of developing LEA by the
LEAF-Q (> 8). Solid black circles represent EA of individuals with LEA (<30 kcal-kgLBM"
L.day1) across the season. Open dark grey circles represent EA of individuals with subclinical
LEA (30-45 kcal-kgLBM*-day™t). Open light grey circles represent EA of individuals with
optimal to high EA (>45 kcal-kgLBM-day™). Solid black bars represent the mean LEAF-Q
total score.

7.3.4 Eating attitudes (FAST)

Figure 7.4 presents eating attitudes (FAST) and the EA of individual female triathletes
across the season. No significant differences in eating attitudes were detected across the season
(p = .524). Four of 10 (40%) participants were considered at risk of DE during phases 1
(March), 6 (November), and 8 (January. Two of 10 (20%) participants were considered at risk
of DE during phases 2 to 5 (May to September). No participants were considered at risk of ED
(FAST total score >94). One participant was considered at risk of DE during all phases of the

season and subclinical LEA (30-45 kcal-kgLBM™.day?) was observed across all phases.
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Another participant was considered at risk of DE in five phases of the season (March and July

to January) and LEA was observed in five phases (March to November).
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Figure 7.4. Eating attitudes (FAST) and energy availability of individual competitive
female triathletes across the season.

The two dashed lines represent a threshold of DE (total FAST score 79-94). Solid black circles
represent EA of individuals with LEA (<30 kcal-kgLBM*-day™) across the season. Open dark
grey circles represent EA of individuals with subclinical LEA (30-45 kcal-kgLBM™*-day™).
Open light grey circles represent EA of individuals with optimal to high EA (>45 kcal-kgLBM"
L.day™t). Solid black bars represent the mean FAST total score.

7.4 Discussion

The present study aimed to follow a cohort of female triathletes across a full triathlon
season and examine the changes in EA and eating attitudes. An additional aim was to examine
the prevalence of those considered at risk of LEA and of DE/ED by the LEAF-Q and FAST.

Accordingly, the main findings were that: 1) no significant differences in mean measures of
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EA or eating attitudes were detected across the season. 2) Significant differences were detected
in LEA risk identified by the LEAF-Q, however, post hoc analysis revealed no significant
differences between phases of the season. 3) The prevalence of LEA was higher in the
competitive season but 4) the prevalence of those who met the cut-off score for DE was higher

in the pre-and-post competitive season.

Taken together, the findings of the study are the first, to our knowledge, to follow a
single cohort of female triathletes across the season to examine the changes in EA and eating
attitudes. Although few significant differences were observed, findings of this study suggest
that female triathletes may be in a state of subclinical LEA across the duration of the season.
Despite mean EA remaining relatively stable across the season, some variation in the
prevalence rates of LEA were observed. This may indicate that certain phases of the season

(i.e., competitive) may contribute to the overall LEA risk in some athletes, but not all.
7.4.1 EA

The mean EA across the season remained relatively consistent in competitive female
triathletes ranging from 32 to 36 kcal-kgLBM™-day*. Loucks and Thuma (2003) examined the
dependence of LH pulsatility on EA in sedentary, eumenorrheic, normal weight females in a
randomised, repeated-measures clinical study. It was reported the habitual mean EI was 48 + 7
kcal-kgLBM*-day™ (Loucks & Thuma, 2003). No statistically significant difference (repeated
measures ANOVA with post hoc analysis) in LH pulsatility were reported whilst EA was
maintained at an EB equating to ~45 kcal-kgLBM™-day* but when EA was decreased to <30
kcal-kgLBM*-day?, disruption in LH pulsatility was observed (Loucks & Thuma, 2003). It
was therefore proposed that below a threshold of 30 kcal-kgLBM™-day™, menstrual

disturbances, and other Triad sequalae would be induced (Loucks & Thuma, 2003). However,
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there is no current consensus regarding clear EA threshold in female athletes (De Souza, et al.,

2019).

The threshold of <30 kcal-kgLBM™-day! was unsubstantiated in recent work by
Williams, et al., (2015) and Lieberman, et al., (2018). In these studies, a randomised control
trial was used to examine varying degrees of EA on menstrual status, by manipulating EI and
EEE in previously eumenorrheic females. These studies could not identify an absolute
threshold of EA that induced menstrual disturbances. A result of many females displaying
menstrual disturbances above the threshold of 30 kcal-kgLBM™.day? and menstrual
disturbances failing to be induced in some females below a threshold of 30 kcal-kgLBM-day"
L (Williams, et al., 2015; Lieberman, et al., 2018). This is in line with findings from the current
study as one individual presented with subclinical LEA (30-45 kcal-kgLBM™*.day™)
throughout the season and reported secondary amenorrhea. Another participant presented with
clinical LEA across five phases of the season (March to November) and reported
oligomenorrheic cycles of 36-90 days in length. Such findings tend to indicate individual
variability in the EA threshold at which menstrual disturbances and other Triad/RED-S

sequalae are observed (De Souza, et al., 2019).

Although Williams, et al., (2015) and Lieberman, et al., (2018) could not substantiate
an absolute threshold of EA, it was observed that a linear increase in menstrual disturbances
existed as EA decreased. In addition, the predicted probability of observing menstrual
disturbances was >50% when EA was <30 kcal-kgLBM* (Williams, et al., 2015; Lieberman,
etal., 2018). As a result of these findings, De Souza, et al., (2019) proposed a dose-continuum
may exist between EA, menstrual disturbances, and other Triad/RED-S sequalae, but more

studies are needed to further elucidate this concept.
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Despite the lack of consensus around absolute thresholds of EA, it has been suggested
that a threshold of <30 kcal-kgLBM™-day* when examining large groups of females may be
useful in determining an at-risk profile for Triad/RED-S (Reed, et al., 2015). In contrast, rather
than use a single absolute threshold of EA, it has been suggested that a combination of EA
measures, body mass and composition, eating behaviours, and other measures of metabolic
status (i.e., measured RMR) be used in free-living athletes (De Souza, et al., 2019). Though no
consensus exists regarding an absolute threshold of EA that induces menstrual disturbances,
there is agreement that to ensure the optimal functioning of physiological systems and
processes, physically active females should aim for >45 kcal-kgLBM™ of El to ensure adequate

EA (Loucks & Thuma, 2003; De Souza, et al., 2014; Loucks, 2014; De Souza, et al., 2019).

Continued work by Loucks, et al., (2011) has further suggested that subclinical LEA of
30-45 kcal-kgLBM* may be tolerated for short periods during a well-constructed weight-loss
programme. In the current study, the prevalence of subclinical/clinical LEA (<45 kcal-kgLBM"
1y was worrying in this group of female triathletes as optimal EA was only observed once across
the season in two participants. Although likely related to the small sample size (n=10), low
power and methodological limitations (see Chapter 2.3.1.2), worryingly the prolonged nature
of subclinical LEA in this cohort may begin to induce subclinical abnormalities in
physiological function, if EA is not restored outside of the competitive season. While a
worrying prevalence of subclinical LEA was observed in the current study across the season,
this is not unprecedented. Melin, et al., (2015) reported similar findings with 63% of elite
female endurance athletes (n = 40) reporting clinical/subclinical LEA (<45 kcal-kgLBM™).
Zabriskie, et al., (2019) also reported a consistent state of clinical/subclinical LEA across five
phases of the season in twenty female NCAA Division Il lacrosse athletes (range: 23-30
kcal-kgLBM™). Although EA was not examined, a cross-sectional study (n=15) by Hoch, et

al., (2007) reported 60% of club-based female triathletes were in a calorific deficit consistent
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with DE pathology and 40% had a history of amenorrhea. In contrast, a cross-sectional study
by Hoch, et al., (2009) reported 36% of varsity female athletes (n=80) had clinical/subclinical

LEA, compared with 39% of sedentary female control students (n=80).

Although the mean EA remains relatively stable and above 30 kcal-kgLBM* across all
phases of the season in the present study, subtle changes to the prevalence of LEA across the
season is evident. It was observed that 30% of participants were in a state of clinical LEA (<30
kcal-kgLBM™) predominantly in the competitive season and 20% of participants during the
pre-competitive/off-season. This may suggest that certain phases of the season may contribute
to the overall LEA risk observed in some athletes. The increased risk may be an inadvertent
inability to adequately compensate for increased energy needs. In the current study, overall
training time was considerably lower than previously reported in Chapters 4-6 and no
significant differences were observed between phases of the season. This could reflect poor
validity of EEE measures and self-reported training duration (Borresen & Lambert, 2006;
Mujika, 2017), where participants in Chapters 4-6 could be over-reporting and in the current
study participants may be under-reporting. Although the potential increase in energy needs was
not observed in the current study with regards to training duration, there were significant
differences in cycle VOamax Which accounted for 42.5% of the variance observed. It was
observed that cycle VOomax peaked at the height of the competitive season (June) which may
reflect the cumulative training effects outside of the seven-day monitoring period. This
highlights that single assessments of EA in free-living athletes may not be reflective of overall
training and nutritional practices (Burke, et al., 2018), and/or the varied taper patterns and
recovery periods used by athletes during the competitive season, when participating in multiple

competitions (Mujika, 2011).

Owing to the methodological difficulties associated with measured EA in free-living
athletes (see Chapter 2.3.1.2), the number of comparable studies is small albeit growing.
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Previous observational work by Melin, et al., (2015) in elite female endurance athletes (n=40)
observed fifteen (37%) participants with optimal current EA (> 45 kcal-kgLBM™?), seventeen
(43%) with subclinical LEA (30 to 45 kcal-kgLBM™), and eight (20%) with clinical LEA (<
30 kcal-kgLBM™). Reed, et al., (2013) examined changes in EA across the season (pre-mid-
and-post) in Division | female soccer players (n=19) where a 19% reduction in EA was
observed from pre to mid-season, followed by a 35% improvement of EA at post-season.
Similar to the current study, mean EA across all time points remained above 30 kcal-kgLBM"
Land 29% of participants displayed clinical LEA at the pre and/or mid-season time point (Reed,
et al.,, 2013). Across all studies and in line with current findings, the observation of
subclinical/clinical LEA in participants was attributed to both El-related and EE-driven causes.
Such observations may also be explained by under-reporting of dietary El, particularly in the
current study where sample size was small (n=10) and poor validity of diet records was

observed (mean EIl:;RMR = 1.26 £ 0.2; Black, et al., 2000).

Furthermore, it is important to note Melin, et al., (2015) recruited thirteen national team
level endurance athletes from Denmark and Sweden, and Reed, et al., (2013) recruited nineteen
American Division | female soccer players. In both instances the demands of elite level sport,
single-sport endurance events, and team-sports on energy status and potential risk factors are
likely to be different to competitive (non-elite) female triathletes. In reference to Chapter 6 of
this thesis, the participants recruited in the current study would be considered as recreational
age-groupers (see Chapter 6.2.1). In contrast to the current study, Melin, et al., (2015) only
observed participants at one time point and Reed, et al., (2013) observed across three. Unlike
the current study, these studies do not provide a longitudinal overview of changes in energy

status.

Direct comparison is also difficult between studies due to methodological differences
in determining El, EEE, and EA. Melin, et al., (2015) examined body composition and bone
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health using the gold standard assessment of DXA, measured RMR was recorded, EEE was
derived from training records and individual prediction equations from measured HR and
corresponding EE during an incremental VOamax, @ complete gynecological assessment was
used to assess reproductive function, and blood samples were drawn to analyse biomarkers of
energy deficiency. Though these clinical methods have greater accuracy, reliability, and
validity for determining energy status and to monitor risk, they may not be feasible, cost-
effective, user-friendly, non-invasive, accessible, or generalised to “real-life” situations to a
large percentage of the non-elite athletic population (both coaches and athletes). Additionally,
as covered previously in this thesis and Chapter 4, more subjective, qualitative measures may

be more sensitive than the quantitative measures for LEA, Triad and/or RED-S.

Despite the current study not finding any significant differences in measured EA (likely
due to lower power), significant differences were found in LEA risk with the LEAF-Q
accounting for 27.4% of variance observed across the season. These findings further suggest
that for some athletes there may be certain phases of the season that contribute to the overall
LEA risk observed. In the current study, the mean percentage of those considered at risk of
LEA across the season in competitive female athletes was 37% (range: 10% to 50%). Such
findings are similar to those reported previously in this thesis. For example, the LEAF-Q
classified 42% of competitive female triathletes at risk of LEA (Chapter 4), 49% of competitive
female triathletes aged 18-29 years were classified at risk (Chapter 6), and finally Chapter 7
identified 39% of recreational age-groupers as at risk of LEA. Overall, the current study’s
findings are in line with both previous findings of this thesis and previous studies examining
female endurance sport athletes (range: 18% to 80% - see table 2.2: Muia, et al., 2016; Jesus,

etal., 2021).

However, of those participants that were considered at risk of LEA by the LEAF-Q in
the present study (mean 37%, range 10-50%), the majority displayed subclinical LEA (30-45
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kcal-kgLBM™). Currently, there is no documented evidence for the percentage of false
positives and negatives of the LEAF-Q (Mountjoy, et al., 2018). The current study highlights
that LEAF-Q data needs to be interpreted with caution until further validation studies are
available, as the LEAF-Q may over-estimate LEA in comparison to actual measures of LEA.
However, it should be noted that due to small sample size the current study included
participants on oral contraceptives which may increase the likelihood of false positives (Melin,

etal., 2014).
7.4.2 Eating attitudes (FAST)

Eating attitudes across the season remained relatively consistent in competitive female
triathletes with a total FAST score ranging from 73 to 77, which remains below the DE
threshold of 79 (McNulty, et al., 2001). These observations of relative stability in eating
attitudes across the season are consistent with past research (Doughty & Hausenblas, 2005;
Krentz & Warschburger, 2013; Thompson, Petrie & Anderson, 2017). As discussed in Chapters
4-6, current studies within the athletic population have documented the prevalence of DE/ED
behaviours. However, these studies have all been cross-sectional in nature involving single
measures which has limited our understanding of the development and progression of DE/ED
behaviours over time in athletes. Longitudinal designs within the athletic population would
allow the examination of DE/ED pathology and determine if DE/ED classifications or
behaviours develop, remain stable, or change over time. Comparison of the current findings is

therefore difficult as to date limited studies of this nature exist.

Reed, et al., (2013) reported similar overall findings of eating attitudes as the current
study in Division | female soccer players, as no differences between the mid and post season
in body dissatisfaction, drive for thinness, or bulimia scores were observed. Direct comparison

to the current study is difficult as Reed, et al., (2013) used the EDI-2 focusing specifically on
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the three aforementioned subscales previously related to chronic energy deficiency in female
athletes (Cobb, et al., 2003; Gibbs, Williams, Scheid & Toombs, et al., 2011; Reed, et al.,
2011). Although Reed, et al., (2013) observed no significant changes across the season, the
clinical LEA observed in some athletes (29%) may be explained by the negative relationship
observed between EA and body dissatisfaction and drive for thinness. No significant
differences were observed in the current study across the season which may be explained by
small sample size, structure of the FAST, and the lack of anonymity provided with the online
questionnaire (unlike in Chapters 4-6). However, 40% of participants were considered at risk
of DE outside of the competitive season (May to September) and 20% were at risk of DE during
the competitive season. This tends to indicate that some participants, but not all, may
experience some degree of pressure related to weight and body shape as they transition in and
out of the main competitive season. This could provide explanation to some of the

subclinical/clinical LEA (<45 kcal-kgLBM™) observed throughout the season.

The current findings also corroborate that despite DE/ED underpinning a large
percentage of LEA cases in athletes, other situations may also contribute to the development
of subclinical/clinical LEA (Nattiv, et al., 2007; De Souza, et al., 2014; Mountjoy, et al., 2014;
Melin, et al., 2015). For example, in the current population subclinical/clinical LEA may
inadvertent due to poor nutritional knowledge, a mismanaged programme to reduce body mass
and/or fat, other psychological stress, EXD, or it could also be explained by the under-reporting

of El and DE/ED symptoms.
7.4.3 Limitations

The current study should be interpreted with caution. One of the primary limitations
was the small sample size and the low power to distinguish differences between phases and/or

groups with low versus higher EA, or those with no DE versus DE. Another limitation is the
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lack of non-athletic control participants to assess whether there are more pronounced
differences across the season, or greater prevalence in these conditions in a population of
competitive triathletes. It too would be beneficial to examine athletes with greater training
loads (e.g., higher competitive level or triathletes participating in half-ironman/ironman
distances), where distinct changes between training phases would have been more marked.
However, the longitudinal nature of the study and the demands of the seven-day diet and
training records, assessment of body composition and VO2zmax, plus an online questionnaire

likely caused substantial participant and researcher burden.

As addressed in Chapter 4.4.2 there remains no standardised or reference guidelines for
the assessment of EA and the methodological limitations associated with the assessment of El,
EEE, and body composition are slowly being addressed in the literature (Mountjoy, et al.,
2018). Limitations include the use of seven-day diet records to assess EI which are frequently
fraught with misreported and under-reported information (Capling, et al., 2017). Despite all
participants being provided with training and familiarisation sessions on how to accurately
record EIl, poor validity of diet records was evident across all participants. Until more
accessible and simpler methods are available, this will continue to be a barrier in assessing
measured EA in free-living athletes. Similar self-report methods were used in the assessment
of EEE with seven-day training records, although these typically contain less misreported
information but may explain the low training duration observed (Neilson, Robson, Friedenreich

& Csizmadi, 2008).

The use of the Polar V800 HR monitor with built in accelerometer may too be a limiting
factor, as although validated, they too are frequently fraught with over-and-under estimation of
EE with EE algorithms generally unreleased to the scientific community (Hernandez-Vicente,
et al., 2016). In regard to the analysis of body composition, there is a risk that changes in
hydration status occurred between measurements (i.e., hypo- and hyperhydration) which can
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alter the electrolyte balance and subsequently influence BIA measurements (Mialich, Sicchieri
& Junior, 2014). Nutritional status, circadian rhythm, and acute training status could also have
influenced BIA measurements (Campa, Toselli, Mazzilli & Gobbo, et al., 2021). The lack of
objective measurements related to biomarkers of energy deficiency (discussed in Chapter 4.4.2)
and clinical assessment of reproductive function and bone health also limit the findings of the
current study. Another limiting factor is the lack of control for menstrual cycle phase to assess

if different phases of the menstrual cycle influence total EA in competitive female triathletes.

Similar to Chapter 4-6, the sequence of events that led to the findings reported cannot
be determined and cannot imply causality. Assessment of EA at one point in time across the
various phases of the season may provide results not representative of an individual’s true
habitual EI and EEE, or account for micro-cycles of periodised training. However, with the
logistics and participant demands of the study considered, the current study demonstrated that
female triathletes may be at increased risk of reduced EA and the associated negative health
implications across the season. The current study should primarily be viewed as explorative
due to the increased risk of type 2 errors and requires additional studies of this kind with larger
sample sizes to be conducted for verification of findings. Acknowledging the prior points are
limitations to the data, this study was designed as a longitudinal, observational study employing
validated methodologies accessible to free-living athletes. This approach is commonly used by
field practitioners and increases the external validity of the study by incorporating a real-world
pragmatic aspect. The current study experienced similar methodological limitations previously
reported in the literature and future work would be recommended to incorporate clinical

laboratory-based assessments to more accurately corroborate or refute the current findings.

7.5 Conclusion

The current study is the first, to our knowledge, to examine energy availability and

eating attitudes in a single cohort of free-living, female triathletes, across the triathlon season.
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Current findings indicated that female triathletes in the study consistently failed to match
dietary EI to their levels of EE throughout the season as a worrying percentage of individuals
were observed with subclinical and/or clinical LEA. No statistically significant changes in EA
were observed across the season and mean EA remained above the EA threshold previously
associated with negative health outcomes but below the optimal level of EA. Subclinical LEA
has been found to only be tolerated for short periods. The current study observed this state
across the season which may increase the risk of subclinical abnormalities in physiological
function in these athletes if EA is not restored post-season. No statistically significant changes
were observed in eating attitudes, but the prevalence of DE may explain the reduced EA
observed in some athletes. Consequently, female triathletes should not be overlooked as a
population at risk of subclinical and/or clinical LEA or negative eating attitudes. The results
further validate the requirement of additional resources for non-elite athletic populations
(including coaches, NGBs and parents) focusing on optimal nutritional strategies and
periodisation of both nutrition and training for multi-sport endurance athletes. Further studies
are required to examine changes in EA and eating attitudes and other behaviours (i.e., EXD)
that may contribute to reduced EA across the various triathlon distances.

7.6 Statement of original contribution
= This is the first study to follow a single cohort of free-living, competitive female triathletes
and non-elite, female endurance athletes across the triathlon season to examine changes in

EA and eating attitudes.
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CHAPTER 8

GENERAL DISCUSSION
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8.1 Introduction

Female athletes from leanness sports (i.e., endurance, aesthetic, or weight-class) have
been identified as a group that may be at increased risk of developing LEA and the associated
negative health and performance consequences (Nattiv, et al., 2007; De Souza, et al., 2014;
Mountjoy, et al., 2014; 2018). However, there has been limited focus on athletes from multi-
sport endurance events, such as triathlon, that are often characterised by high training loads
over a sustained period (Vescovi & VanHeest, 2016; Etxebarria, et al., 2019). This has led to
findings from single-sport endurance events, such as running or cycling, being generalised, and
applied to multi-sport endurance athletes. The main purpose of this thesis was to investigate
the prevalence of risk of LEA and associated risk factors (i.e., DE behaviour, clinical ED, and
EXD) in female triathletes. Using self-report screening tools (i.e., LEAF-Q, FAST, and EDS-
R) and direct measures of EA (i.e., LBM, El, and EEE), a series of studies were conducted to

establish the prevalence of LEA risk.

Studies 1 to 3 were cross-sectional, descriptive studies using self-report screening tools.
Study 1 examined the prevalence of risk for LEA, DE/ED and EXD, and potential associations
in female triathletes. Study 2 examined the influence of age on the prevalence of risk and
examined potential associations between age and LEA, DE/ED, and EXD in female triathletes.
Study 3 examined the influence of performance level on the prevalence of risk and examined
potential associations between performance level and LEA, DE/ED, and EXD in non-elite
female triathletes. Study 4 was a longitudinal study design using direct measures of EA and
self-report screening tools to examine changes in EA and eating attitudes across different
phases of the season in female triathletes, explore prevalence rates for LEA risk and DE/ED

risk, and examine how prevalence rates change across the season.
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8.2 Key Findings

Study 1 (n = 393):

42% of female triathletes aged 18-54 years were considered at risk of LEA by the LEAF-
Q.

25% were considered at risk of DE behaviour and 9% considered at risk of clinical ED by
the FAST.

58% were considered as symptomatic for EXD and 9% were considered at risk of EXD by
the EDS-R.

Eating attitudes and exercise behaviour were significant predictors of LEA and exercise
behaviour was a significant predictor of eating attitudes in female triathletes aged 18-54

years.

Study 2 (n = 393):

The prevalence of those considered at risk of LEA, DE behaviour, clinical ED, and EXD
was higher in younger female triathletes (aged 18-29 years) compared with older (30-39
years and 40-49 years).

Younger female triathletes were more likely to be considered as symptomatic for EXD than

older.

Study 3 (n = 383):

The prevalence of those considered at risk of LEA, DE behaviour, and EXD was higher in
competitive female triathletes identifying as a top-percentile age-grouper compared to
those identifying as a recreational age-grouper.

Recreational age-groupers were less likely to be considered as symptomatic for EXD than

top-percentile age-groupers.

Study 4 (n = 10):

No statistically significant differences in measured EA or eating attitudes (FAST) were
observed across the season in a cohort of female triathletes.

The prevalence of subclinical LEA across the duration of the season was high in female
triathletes with the prevalence of LEA highest during the competitive phase. The

prevalence of DE behaviour was higher in the pre-and-post competitive phase.
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8.3 Significance of findings

8.3.1 Prevalence of risk

In study 1 (n = 393), it was shown that a significant proportion of female triathletes
were considered at risk of LEA (42%). The prevalence observed was in line with previous
studies examining endurance sports athletes who reported a prevalence rate ranging from 18%
to 80% (table 2.2; Muia, et al., 2016; Jesus, et al., 2021). It has been proposed that athletes
from leanness sports, particularly endurance sports, are at a greater risk of developing LEA
than those from non-leanness sports (Nattiv, et al., 2007; Mountjoy, et al., 2014). In the current
study, the prevalence rate of risk observed (42%) for female triathletes was in the upper
percentile of the prevalence rates previously reported in team or ball-based sports (range: 12%
to 53%; Reed, et al., 2013; Condo, et al., 2019; Logue, et al., 2020). Importantly, female
triathletes were identified as a group that should be considered at increased risk of Triad or

RED-S and the associated negative consequences, which had not been previously explored.

LEA may occur intentionally or inadvertently (Nattiv, et al., 2007). This study provided
important information regarding the prevalence of risk of DE behaviour, clinical ED, and EXD
with greater prevalence’s observed in female triathletes than previously reported in the general
population (Sundgot-Borgen & Torstveit, 2004; Smink & Hoek, 2013; Mdnok, et al., 2012;
Sussman, et al., 2011). Additionally, this study was the first to investigate associations between
LEA, eating attitudes, and exercise behaviours in female triathletes. In this population, the risk
of LEA may be underpinned by known risk factors (i.e., DE/ED; Nattiv, et al., 2007; Mountjoy,
et al., 2014) as it was identified that eating attitudes were significant predictors of LEA.
However, it was also identified that exercise behaviours (EXD) were significant predictors of
LEA and eating attitudes which agrees with seminal research by Torstveit, et al., (2019). This
highlights the multifactorial nature of underlying, psychological risk factors that need to be
considered in research and clinical practice when assessing LEA, Triad and/or RED-S.
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8.3.2 Age

In alignment with current Triad and RED-S models (Nattiv, et al., 2007; Mountjoy, et
al., 2018), study 2 (n = 393) evidenced high prevalence’s of LEA risk in female triathletes,
irrespective of age (range: 39% to 49%). Importantly, it was identified LEA risk was greatest
in younger athletes and appeared to decline with age, albeit it did not disappear completely.
This was comparable to findings for DE/ED and EXD across age groups. This has not
previously been explored in this athletic population and the majority of work to date has centred
on younger athletic populations (see table 2.2 and 2.3). The higher prevalence’s evident across
age groups in study 2 supports the need for continued work, to further elucidate LEA, DE/ED,
and EXD both as risk factors for LEA and as individual constructs in older athletic populations.
Thein-Nissenbaum (2013) acknowledged the long-term consequences of LEA, whereby the
longer the duration of LEA, the greater the risk of irreversible health consequences. Again, this
is similar for DE/ED and EXD behaviours (American Psychiatric Association, 2013).
However, the prevalence of injury, gastrointestinal disturbances, and menstrual disturbances

were higher in younger athletes compared with older in study 2.

It was acknowledged that the associated negative consequences of LEA may change
across an athlete’s lifespan, however, the most critical period for the development of LEA is
during adolescence and young adulthood (Thein-Nissenbaum, 2013). This is due to it being a
critical period of growth and development, particularly in relation to bone health, and
impairments during this time will manifest negatively later in life. Study 2 also highlighted the
specific aetiology and symptomology of LEA, DE/ED, and EXD may differ dependent on age
which may have implications for screening, diagnosis, treatment, and the implementation of

educational initiatives.

8.3.3 Performance level
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In study 3 (n = 383), there were no significant differences in LEA and DE/ED risk
between performance levels in non-elite female triathletes. This may reflect the smaller sample
size evident in top-percentile age-groupers compared with recreational age-groupers. However,
there was a tendency for top-percentile age-groupers to display higher prevalence rates of LEA
and DE risk than recreational age-groupers. This highlighted that LEA and DE/ED exists in
non-elite athletic populations but as performance level/classification improves, the risk of
developing LEA and/or DE behaviour increases. This agrees with the current Triad and RED-
S models (Nattiv, et al., 2007; Mountjoy, et al., 2018). The aetiology of why LEA and DE
behaviour risk may increase with performance level is unclear from study 3 findings. Similar
to findings by Logue, et al., (2019), there were significant differences in training load with top-
percentile age-groupers spending more hour’s training per week. This may suggest inadvertent
LEA resulting from athletes failing to match EIl to elevated EEE and/or appetite suppression

(Wasserfurth, et al., 2020).

Importantly, study 3 reported significant differences in EXD scores between
performance levels and a significant association between EXD and performance level was
detected, which has not previously been explored in this population. It has been proposed that
the differences observed in EXD scores between performance levels may relate to differences
in EXD symptomology (Szabo, et al., 2013; De La Vega, et al., 2016). For instance, top-
percentile age-groupers may exhibit more physiological factors of EXD compared to
recreational age-groupers who may exhibit more psychological factors. This highlights the
importance of research differentiating between primary and secondary EXD and its relation to

the development of LEA (Costa, et al., 2013).

8.3.4 Seasonal changes
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Study 4 (n = 10) showed that there were no significant differences in EA and eating
attitudes across the season in a single cohort of female triathletes, which has not previously
been explored. It has been suggested that athletes aim for > 45 kcal-kgLBM™ of El to ensure
adequate EA for optimal physiological functioning, however, there is no consensus regarding
clear EA thresholds for athletic populations (Loucks & Thuma, 2003; De Souza, et al., 2019).
Although no significant changes were evident across the season, it was highlighted that the
mean EA across the season ranged from 32 kcal-kgLBM*-day* to 36 kcal-kgLBM™-day™*. The
high prevalence of subclinical LEA observed is worrying as current research has suggested
prolonged subclinical LEA (30-45 kcal-kgLBM*) may result in the development of subclinical

impairments to physiological functioning if EA is not restored (Loucks, et al., 2011).

Additionally, it was observed that for some, but not all, certain phases of the season
may contribute to overall LEA risk. For instance, it was observed that for some athletes the
prevalence of LEA was greater in the competitive season and the risk of DE behaviour may be
greater in the non-competitive season for some athletes. This may indicate some female
triathletes experience some degree of pressure related to body mass and shape as they transition
between phases of the triathlon season. Or it could also be related to physiological factors such
as exercise intensity. This may explain the continued subclinical EA evident throughout the
season. Study 7 also highlights other factors beyond that of eating attitudes may contribute to
the development of subclinical and clinical LEA that may be inadvertent (Nattiv, et al., 2007;
Mountjoy, et al., 2014; Melin, et al., 2015). Importantly, study 7 highlights the difficulties
associated with recruiting large sample sizes for longitudinal studies, the methodological
limitations associated with measured EA, and the implications for under-reporting of El,
DE/ED symptoms, and training duration. Study 7 also highlighted that data derived from both

the LEAF-Q and FAST should be interpreted with caution and further validation and reliability
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studies are required with regards to false positives and negatives. Study 7 highlighted that the

LEAF-Q may over-estimate LEA in comparison to actual measures of LEA.

8.4 Implications for research and clinical practice

Current evidence suggests that female triathletes, across all ages and performance levels,
should be screened for LEA to facilitate the prevention or early detection of Triad/RED-S.
LEA is a significant area of concern to female triathletes as it may result in acute and
chronic health problems (i.e., cardiovascular, immunological, gastrointestinal), negative
impact on bone health by reducing BMD which may lead to increased risk of stress fracture
or osteoporosis, increased risk of menstrual dysfunction leading to fertility issues and
negatively impact on bone health, increased risk of psychological harm (i.e., DE/ED, EXD,
anxiety and depression), metabolic disturbances which may cause acute and chronic issues
with body composition, and there is potential for acute and chronic negative impacts on
training response and/or capacity. Risk factors for elite athletic populations are likely
different to non-elite athletes, however, the risk of developing LEA and the health and
performance consequences of LEA to both groups of athletes are the same. However, it is
fair to assume that most non-elite triathletes have less access to training and nutritional
education and sports-specific medical personnel who have a degree of understanding of the
signs and symptoms of LEA. Therefore, raising awareness of the risk and screening non-
elite populations is warranted.

In female triathletes, LEA, DE/ED, and EXD can occur together or in isolation.
Identification of one requires the assessment of the others. It is important to screen for both
current and historical LEA, DE/ED, and EXD to further understand the implications to past
and current health status. It is important to consider the differences in aetiological factors
and symptomology of LEA, DE/ED, and EXD across different age groups and performance
levels when developing treatment strategies and educational resources. Athletes going
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through key transitional periods, such as puberty or menopause, may be at increased risk
and should be provided with extra support to transition in a health and safe manner. LEA
is difficult to assess, particularly in field settings as evidenced in study 4, and often a high
index of suspicion is required for the individual at risk. In the screening of LEA, a balance
is required so that information regarding the health of the individual is acquired whilst
reducing the risk of causing harm, distress, or burden to the individual (i.e., individuals
becoming more aware of eating behaviours or body composition). Based on evidence from
the current body of work, it is proposed that individuals are screened annually as part of an
overarching health examination, on commencement of the season or if an individual
presents with any significant risk factors (e.g., DE/ED, menstrual dysfunction, recurrent
injury/illness etc.,) at any time point across the season. Single, direct assessments of EA
may not be reflection of overall training and nutritional practices, may not reflect acute or
chronic EA, and often have low validity of self-reported EI/EEE measures. The current
body of work agrees that current tools and measures available for the assessment of EA are
insufficient in conducting an accurate assessment of EA in free-living athletes and therefore
it is irresponsible to make a universal recommendation to female triathletes to measure EA.
It is suggested that current screening tools, such as the LEAF-Q, are used as a means to
screen for individuals potentially at risk of developing LEA and to consult guidance).
published by the IOC (Mountjoy, et al., 2014; 2018). However, as highlighted in the current
body of work the current version of the LEAF-Q excludes a large percentage of females
from being screened for LEA due to the sensitivity of items (e.g., pregnancy, menopause,
chronic illness etc.,). For the assessment of DE/ED, the gold standard measure EDE-16
interview is advised.

Screening for risk of LEA not only increases awareness of the prevalence of risk in athletic

populations but is the first step towards diagnosis and treatment. Annual screening with a
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self-report questionnaire is recommended, and where individuals are identified at risk of
LEA and/or DE/ED, a more in-depth clinical evaluation should follow (De Souza, et al.,
2014; Mountjoy, et al., 2014; 2018). Screening should include: a full medical history of
menstrual health, medication, stress fractures, critical comments relating to body
composition or eating behaviours, psychological and personality factors such as, depression
or perfectionism, dieting or pressure to lose body mass, overtraining, and recurrent or non-
healing injuries. A more in-depth clinical examination may include assessment of BMI,
body composition, physical signs of DE/ED (i.e., Russell’s sign, orthostatic hypotension),
pelvic examination to exclude other gynecological pathologies, exclusion of other health
issues, psychological assessment, and assessment of bone health via DXA. In-depth clinical
evaluation should be conducted by a multi-disciplinary team that may include a General
Practitioner, sports dietician, exercise physiologist and/or mental health professional. This
pathway of screening and diagnosis is currently advocated by the ACSM and I0C (De
Souza, et al., 2014; Mountjoy, et al., 2014; 2018). It is also suggested to utilise the RED-S
clinical assessment tool (Mountjoy, et al., 2014; 2018) for guidance on clinical assessment
and return to play. Following clinical assessment, individuals are classified into red-light,
amber-light, and green-light categories based on current health status (figure 8.1).
Individuals categorised as high risk in the red-light category are not cleared to participate
in sport, moderate risk yellow light individuals are cleared for supervised participation with
a medical treatment plan with regular re-assessment, and low risk green light individuals

can engage in full sports participation (Mountjoy, et al., 2014; 2018).
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Table 1 Relative Energy Deficiency in Sport risk assessment model for sport participation (modified from Skarderud et af)'*

High risk: no start red light Moderate risk: caution yellow light Low risk: green light
» Anorexia nervosa and other serious eating disorders » Prolonged abnormally low % bady fat measured by DXA or » Healthy eating habits with
» Other serious medical (psychological and physiological) anthropometry using The International Society for the Advancement of appropriate energy
conditions related to low energy availability Kinanthropometry ISAK'*" or non-ISAK approaches'* availability
» Extreme weight loss techniques leading to dehydration  » Substantial weight loss (5-10% body mass in 1 month)
induced haemodynamic instability and other » Attenuation of expected growth and development in adolescent athlete
life-threatening conditions
» Abnormal menstrual cycle: FHA amenorrthoea >6 months » Normal hormonal and
» Menarche >16 years metabolic function

» Abnormal hormonal profile in men
» Reduced BMD (either from last measurement or Z-score < —1 SD). Healthy BMD as expected for
» History of 1 or more stress fractures associated with hormonal/menstrual sport, age and ethnicity
dysfunction and/or low EA Healthy musculoskeletal
system

v

v

» Athletes with physical/psychological complications related to low EA/
disordered eating - ECG abnormalities- Laboratory abnormalities

» Prolonged relative energy deficiency

» Disordered eating behaviour negatively affecting other team members

» Lack of progress in treatment and/or non-compliance

BMD, bane mineral density; DXA, dual-energy X-ray absorptiometry; EA, energy availability; FHA, functional hypothalami rrhy ISAK, I ional Society for the
Advancement of Kinanthropometry

Figure 8.1. RED-S return to play guidance from Mountjoy, et al., (2014).

8.5 Future work

= The work described in this thesis examined the prevalence of risk for LEA in competitive
female triathletes. Future research should account for the differing demands associated with
the different triathlon distances (i.e., sprint, standard, half ironman, and ironman) and to
examine the potential differences in the prevalence of risk for LEA and associated risk
factors (i.e., DE/ED and EXD).

= The current work described in this thesis focused on the prevalence of risk for LEA. Future
work in competitive female triathletes would be advised to explore the health and
performance impairments associated with LEA (i.e., menstrual dysfunction, bone health,
endothelial function etc.,) and the influence of menstrual cycle phase.

= Study 2 identified the prevalence of LEA was greater in younger competitive triathletes
than older and acknowledged the long-term consequences of developing LEA during
adolescence and young adulthood. To date limited research exists with junior female
triathletes. Future research should explore the prevalence of risk for LEA, DE/ED and EXD
in this population. Additionally, it may be beneficial to explore associated impairments to

health and to monitor changes over time.
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= Similarly, study 2 identified the risk of developing LEA and associated risk factors does
not disappear as athletes age. Future research should explore the prevalence of risk for
LEA, DE/ED and EXD in master female triathletes. Additionally, future research needs to
explore associations between perimenopause, menopause, and post-menopause and LEA,
DE/ED, and EXD risk and associated health and performance impairments.

= Throughout studies 1-4 it was acknowledged that the risk of LEA may occur inadvertently
due to inadequate awareness and knowledge related to nutrition, training, LEA, Triad
and/or RED-S. Future work would be advised to explore these concepts in athletes,

coaches, parents, and health professionals.

8.6 Limitations

Accordingly, limitations applicable to the individual studies have previously been
detailed in studies 1-4. General limitations that comprise all studies within the present thesis
are discussed as follows. Overall, sample size for the cross-sectional studies presented in
studies 1-3 met the calculated sample size estimation of n=370 and falls within the sample size
previously reported in LEA prevalence studies (range 10 to 833; Schaal, et al., 2011a; Logue
etal., 2019 —table 2.2). Larger studies are required to enable greater statistical power to confirm
current observations. However, studies 1-3 highlighted the current version of the LEAF-Q is
not inclusive of all females which leads to a large percentage of females being excluded from
screening (N=303 studies 1-3). This is due to the increased risk of false positives due to the
sensitivity of items for individuals who may have chronic illness, pregnant, menopausal or use
oral contraceptives etc. This also leads to a significant loss in statistical powers and bias as not
all females are eligible for screening using the LEAF-Q. Future developments in current or
new screening tools are needed to include all females and fully elucidate prevalence. The same
is applicable to study 4, sample size was n = 10 which limited statistical power; however, this
is not unusual for longitudinal studies of this nature due to logistics, financial and time
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constraints to participant and researcher. Across studies 1-4 where questionnaires were utilised,
data is self-reported and dependent on the honesty of completion, retrospective memory and
understanding of the questions. Participants may have found some questions of a sensitive
nature and thus modified their response, resulting in an underestimation of prevalence.
However, honesty was encouraged by ensuring anonymity. The 147 incomplete questionnaires
excluded from analysis may have been incomplete due to time constraints or due to the
sensitivity of some questions or the length of the questionnaire. Although the study excluded
post-menopausal women there was no screening for perimenopausal women which may have
resulted in overestimation of prevalence with regards to the menstrual function component of

the LEAF-Q.

Within this thesis female athletes were studied exclusively for consistency throughout.
It was evident from study 1 that few studies have investigated female athletes and controls
when investigating the prevalence of risk for LEA. This has led to difficulties in defining the
magnitude of the problem within the athletic population and warrants more research to define
the scope of the problem in non-athletes in comparison to athletic populations. Additionally, it
was evident from reviewing the literature that few studies have investigated the scope of the
problem with male athletes, particularly in triathlon where male participation rates are high.
The current RED-S model has acknowledged that male athletes from leanness sports are a
population at risk of LEA (Mountjoy, et al., 2014, 2018), however due to difficulties in
comparing males and females the current study focused on females. This does not neglect the
fact that a paucity of literature exists in males and is a population that warrants much more

research.

8.7 Conclusion
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Through a series of studies, this thesis has provided further knowledge concerning LEA
risk in female triathletes. 1) A significant proportion of female triathletes are considered at risk
of LEA and associated risk factors of DE/ED, and EXD. 2) Eating attitudes and exercise
behaviour are significant predictors of LEA and 3) exercise behaviour is a significant predictor
of eating attitudes in female triathletes. 4) The prevalence of risk of LEA, DE/ED, and EXD
was greater in younger female triathletes compared with their older counterparts. However, 5)
the risk still exists in significant proportions in older female triathletes. 6) Significant
associations existed between age and EXD with younger athletes more likely to be
symptomatic for EXD. 7) The prevalence of risk of LEA, DE/ED, and EXD tended to be greater
in female triathletes identifying as top-percentile age-groupers than recreational. 8) Significant
associations existed between performance level and EXD. 9) No significant differences were
detected in EA or eating attitudes across the triathlon season and, 10) the prevalence of
subclinical LEA was high across the duration of the season. Together, the findings from this
thesis have advanced our understanding of the prevalence of risk and the influence of age,

performance level, and season changes on LEA and associated risk factors in female triathletes.
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In order 10 participate in this study, you must be:

Fermale

18 years or older

Pro-mercpaussl

Participate in triathion (3l levels of performance accepted)

By completing this survey, yOu are pving consent for the information you provide to be intuded n
this study. Your participation & volustary and s specific 1o this study and shall not be taken to imply
consent 10 Participate in any sublequent experiment or devistion from that detailed. All information
will remain confidential 82 to your dentity It will not be possidle 10 withdraw your data once the
survey is submitted due to the anonymous approach taken. You do not have to answer any questions
you do not want to.

We Delieve there are nO known rsks 3ssoCiated with this research study, however, as with any cnline
refated activity the rish of 2 breach s shways possidle To the best of our ability your participation in
this study will remain confidential, and only anonymised dats will be published. All information and
data collected during the study will be accessed, 3300ed and snalysed by the lead resesrcher and
supervisory team, respectively. Dats will be maintained in password protected files on 3 personal
computer which i 3i50 password protectad. Dats will be heid for the purposes of publication for S years,
after which it will be destroyed (saper documents will be shradded and sfectronic data will be secursly
erased in ine with the University's information Handiing Policy).

If there i anything you do Nt understand or wish 10 ask questions sbout, please feel free to ask

Thank you for participating

Arnz Srassel
Emait bellow®student sunderiand ac uk

Ethical Approval

Thas study has been approved by the School of Nurung and Health Sciences, Ethics Sub-Committee
for Sport. Should you need to, you may costact the Chair of the Committes, Jobn Fulton.

Name Jobn Fulton

Chazpenca of Research Ethacs Soub-Comumuttee
School of Nursing and Health Sciences
Unsverssty of Sunderiand

Sunderiand

Emal jobn fultce Jeonderiand ac sk
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Participant information sheets study 4:

*md

v

CHANGES IN SLEEP, ENERGY AVAILABILITY AND TRAINING LOAD ACROSS THE
TRAINING SEASON

Dear Participant,

Tam wniting to invite you to participate i a research study which will help identify the changes in sleep,
energy availability and training load, across the training and competitive season, in female multisport
athletes. Daily athlete monitoring of fatigue, stress and recovery 13 often empioyed to optumise athletic
performance and minimise the nsk of non-functional overreaching, myury and diness. The study wall
monitor repeated measures of aleep pattern and quality, esergy avaslability, dietary energy mtake,
exercise energy expenditure, eating attitudes, aerobic fitness, anthropometry and demographucs wall be
obtained. Health history questionnaires to assess training status and menstrual status will also be
devini g

Before deciding whether or not you would like to participate i the project, it is snportant for you o
understand what the project will mnvolve. There is an eaclosed “Information for Participants” explaming
the study in greater detail. If you do decide you are interested in taking part i the project, please contact
the researchers detailed in the information sheet that will provide you with more details.

I have enclosed further information about the project and | hope that you wash to take part If you would
like any further information, do not hesstate to contact me on the contact detasls below

With best wishes,
Anna Brassell

Department of Sport and Exercise Science
Untversity of Sunderland

School of Nursing and Health Sciences
City Campus

Sunderland SR1 38D

Tel: 07810800411

APPENDIX 3

INFORMATION FOR PARTICIPANTS:
CHANCES IN SLEEP, ENERCY AVAILABILITY AND TRAINING LOADS ACROSS THE
TRAINING SEASON

Purpose of the Study

The aum of this research i o examne the changes i sleep pattern and quality, energy availability and
waumng load across the wainng season in female multiport athletes and factors such as sating attitudes.
if an mmbalance between sppropriate tramng overload and adequate recovery penods develops this can
Jead o an sboormal taming response mupacting on athlete health and performance Daily athlete
monstoring of fatigue, stress and recovery i often amployed to optunise athletic performance minimise
the rusk of non-functional overreaching, syury and dliness [t 1s mmportant to monitor the sleep, energy
svalability and tramung load of these athletes acrom the season 1o determine thewr risk of low energy
availabality and to characterise the sleeping quality of these athletes i relation to fluctuations in trainng
load It 1 maportamt %o understand the intercelationship between these constructs and how this
uitimately mmpacts on athlete health and ity influence on outcomes of athletic success and failure, if we
are to educate indriaduals on the mmportance of recovery for athlete health.

What are you expected to do?

Throughout the traiming season, repeated meassres of sleep pattern, sleep quality, energy avalabilsty,
meavements will be taken

On the first visit 10 the exercise physiclogy laboratory at the University of Sunderland, you will be
mtroduced to staff and familiansed with equipment, protocols and the questionnare. During thus vist
you will complete 2 baseline bealth history questionmaire 10 assess demographics, traimung status and
menstrual status. You wall also complete the mutial measurements of body composition and aerobse
fitness (VO....). The VO, test wall involve you completing 3 standwdised, mults-stage incremental
treadmall test whach will mcinde 2 10-mm warm-up. Treadmill gradiest will be set at 1% throughout
the test, with speed mncreasing by lkm'h every S-munutes until exbaustion. An additional test may also
be completed on 2 cycle ergometer (Lode Excalibur Sport), whereby, power will be mecreased 30W
every 3-mumutes Vemtidatory data (VO., VCO,, RER and Vi) and heart rate will be collected
contizsously and m the final minute of each workload, a2 0.3ul capillary blood sample will be taken to
amalvss blood lactate comcentration and rating of percerved sxertion will be recorded Measures of body
compoution will be repeated every two months and aerobic fitness (VO,...) will be repeated every 3
months throughout the trammmg season.

Measurements of dietary snergy mtake, exercise snergy expendsture and sleep pattern wall be recorded
daily from day 1 of the study for seven consecstive dave. and repeated every two months throughout
your tamung season For enerzy intake you will be raquired to complete a detuiled online, weighed dust
log uung the MyFitnessPal app. You will be encouraged to weigh and record all foods, supplements
and beverages where poswtble and record tume of day, Jocation and meal type withm the app. For
exercise energy expenditure you will be requured to wear 2 heart rate monitor for all trauming sessions
and to complets 3 detadled online, traiming log using the Strava app whach wall include type of actnaty,
duration and mtensity For sleep pattern vou wall be required to complete a sumple sleep duary racordmg
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bedtune, wake-up time and daytime nap duration. You wall also wear 2 wnst actvity momstor, hike 2
watch, daily throughout the training season (except when swimming and showerng) to determune the
amount and quality of sleep you are getting

Fmally, at the end of each seven-day racording period you wall complets an onlme questhionnams that
will ask you questions related to your sleep guality, stress-recovery state and distary habsts and
behaviours throughout that month of traming You will be gives 2 7-day pamod to complete tha
Questionnaire.

Risks and Discomforts
*  Aerobic fitness tests require highly vigorous exsrcise whach 1= not wathout nsk; thers = a nsk of
sudden cardiac events, which in rase cases may be fatal
* Temporary, post-exercise lower lmb muscular discomfort, likaly to pesk 45k post-exarcise then
disappear.
¢ Youmay temporanily damage (“pull) 2 muscle or ligament
¢  Capillary blood sampling (finger-prick) is imvasive and rames the nisk of cross-mfection from blood
bomne disease (e.z. Hepatitis and HIV).
¢ If you score particularly high in any composnent of the validated screemumng tools assessng the nuk
of duordered eating bebaviours and/or low energy availability, you will recerve 2 letter from the
research team suggesting that you make an appomtment with your GP.
These nsks will be mummised by-
¢ Completing a comprehensive, pre-participation medical screenmg questicanaws
¢  To minimise any imjury, you will be required to complete 2 10-mumute warm-up with light
stretched.
*  Collection of blood samples will be performad by ramed and competant research stadents with
Hepatitis B vaccination.
*  Employment of University of Sunderland standasd laboratory techmgques for blood sampling,
which conform to the British Association of Sport and Exercise (BASES) zuudelmes (2007)
¢  The screeming tools used in thus study do not offer 3 diagnosis of dusordered eating and you
would be recommended to speak to a qualified health care professional

Exclusion Criteria
To ensure your safety we have a clear set of axclusion criteria, listed below.

«  Current smokers
«  Those with a current or previous diagnosis for cardiovascular, respuratory or metabobic disease
(ACSM, 2013)
< Those undergoing investigation for any cardiovascular, respuratory or metabobic duease
«  Those with signs and symptoms of cardiovascular, respiratory or metabobic disease (ACSM, 2013)
whach include:
*  Pain or discomfort in the chest, nack, jaw or armus
¢ Shortness of breath at rest or with mild sxartion
¢  Unusual fabigue shortmess of breath with usual activities
< Those with a family history of cardiovascular, respiratory or metabobic disease (ACSM, 2013)
«  Thoss receiving medical treatment for any medical condition
- Current diagnosis or history of head inyury, seizures, epilepsy, sudden famting dizziness or other
newrclogical disorder
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- Aged under 18 years or over 50 vasss

- Curently diagmosed or sxpenencins symptoms of the menopanse or permmenopause
- Unable to undenstand study requirements

- Unable to vohmtanly provide consent

«  Cumrent or recest (<6-mounths) lower Emb myury

- Nowvice muitisport athlsts with <l-vears’ expensnce

- Recreatiomal or performance snhancing scbstance wse (legal or legal)

- Known Dizsnosed sleep-related disorder

- KnownDiagnosed palpitaticns tackycardsa (restng haart rate >100beats mm )

- KnownDiagnosed heart mursenr

- Resting blood pressure (systobc dmastolic) >140 S0mumiig (esther measure or both)
- More than two nsk factors for cardiae disease (ACSM. 2013)

- Pregnant womes or lactating women or those who suspect they may be pregunant (self-reported)
- Nals muinspor endurance athletes

All wall be assessed via the pre-particpation bealth screenmg questionnazre.
Inclusion Criteria

- Female

- Aged 18-50 vaam

- MNaultisport endurance athlsts

- Age-group level

- A mmimum of l-vear expenence m multsport endurance trammme and events pror to testme
»  Performed exercise 4-5 times per week prioe 10 testing

- Imtent to complets one race = 2015 saasca

- Noa-smokers

- Apparemly healthy (determmed from self-report pre-parncipanon health questonmaire)
Responsibilities of the Participant

Your bealth and safety during the study i of stmost muportance to us. [t i your responsibilaey to fully
mform the research team if there == any reasos wiy vou shoeld not take part Vou must provide detals
of your current and past bealth status and mform us of any previcus adverse responses to high mtenuty
exercise, for example dizzmess famtme palpstatons myunes whach would exclude you Hom
participating. It 1s your responubility to mumediately report azy discomfort or unpleasant feelings
duning the exercise tests Please mfoem us of amy medications (prescrption or non-preseription),
nutritional supplements, asd performance enbancing and or recreational substances $at you are usng
(legal or illezal) pror to your participancn.

Benefit:

The results fom this study will be used 20 gude your future traszmg and will idestify your mdividual
responses to multisport endurance tramms with respect 10 changes m sleep, enerzy avalabuloy, tammg
load, body compoution and asrcbic Stess twosghout youwr Saming season i the lead wp
compettion. Results will méorm coaches and ashletes of changes = performance and recovery m female
multisport endurance athletes theoughout the Tunmg seascs and potential umpacts of such 2 tramng
load ca components of athlete health and performance



Further Information

Amny questions about this research study may be directed to the lead researcher or any member of the
research supervisory team. Questions are emcouraged at any point in time; before, during or on
complation of the study,

Anna Brassell (Lead Researcher)

Department of Sport and Exercise Science
University of Sunderland

School of Nursing and Health Sciences
City Campus

Sunderland SR1 38D

Tel: 07810800411

Email: anna brassell@vahoo.co.uk / bel Ipw@stadent sunderland.ac uk
Dr Lisa Board (Director of Studies)
Department of Sport and Exercize Science
University of Sunderland

School of Nursing and Health Sciences
City Campus

Sunderland SRK1 38D

Tel: 0191 515 2115

Email: lisa board @ sunderland ac.uk
Use of Data

All information and data collectad during the study will be treated a: confidantial. It will be includad in
the consent form that participants will have the right to withdraw from the study, without the need to
provide reason, at any point during the study. They will be grven the option to take any findings that
have been taken to dispose of how they deem appropriate and participant results will not be mcluded i
the final data analysis or write up of the project. To maintamn the participants’ anonymity and as an
identity protection, all participants will be given a umique identification (ID) number and asked to
provide a memorable word or number for if they wizh to withdraw their data, known only to the lead
researcher and supervisory team. Identification of participants will not be possible to an cutuide party
and data will only be made available to members of the research team Whereby, third party online apps
are utilised, despite the apps having independent data protection regulations in line with current GDFR
lagislation, there is still a potential for online data breach and it can’t be guarantesd that all participant
data stored will be deleted. Participant data will remain confidential by removing identifying
mformation from reports and presentations of the data and results wall be reported as means £ standard
deviation in the final write up of the data. Results will be used for post-doctoral theses and may be
presentad at National or International scientific conferences or submitted for publication in a scientific
Journal. Data will be held for the purposes of publication for 10 years, after which 1t will be destroyved
(paper documents will be shredded and electromic data will be securely erased m lme with the
University's Information Handling Policy). Only group data, not indnadual data, will be presented fo
maintain full anonymity and confidentiality. The data is the property of the client and can be withdravwn
at any time, without the need to provide reason.

Ethical Approval

This study has been approved by the School of Nursing and Health Sciences, Ethics Sub-Commuttee

for Sport. Should you need to, vou may contact the Chair of the Committes John Fulton.

Name: Jokn Fulton

Chairperson of Research Ethics Sub-Commities
School of Nursing and Health Sciences
Univerzity of Sunderland
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Participant consent studies 1-3 (in addition to appendix 2):

APPENDIX 3

1. By completing this questionnaire, you are providing informed consent to participate in this research. Please email

bg13pw@student.sunderland.ac.uk if you would like to be sent the information sheet on this study.

Yes, | provide informed consent to participate in this research.

If did not answer then stop, you have finished the survey.

Participant consent study 4:

* University of
. SR

PARTICIPANT CONSENT FORM (PAGE 1)

CHANGES IN SLEEP, ENERGY AVAILABILITY AND TRAINING LOADS ACROSS THE TRAINING SEASON

Name of Researcher: Anna Brassell

Please circle the appropriate response:

| confirm that | have read and understand the information sheet for the above research project and have YES /NO
had the opportunity to ask questions.

| understand, and agree, to have and complete the stated measurements undertaken. YES /NO
| agree to fill out questionnaires enquiring about my family history, lifestyle and about my current physical YES /NO
activity levels,

| understand, and agree to fill out questionnaires enquiring about my menstrual status, eating behaviours, YES /NO
dietary habits, sleep quality and stress-recovery state.

| agree to take part in repeated maximal exercise tests. | have been informed of the associated risks. YES /NO
| agree to have capillary blood samples taken from 2 fingertip or ear lobe. YES /NO
| agree to take part in repeated body composition assessments. | have been informed of the associated YES /NO
risks.

| agree to take part in repeated measurements of dietary energy intake, exercise energy expenditure and YES /NO
sleep.

| understand that any questionnaire-based screening tools do not offer a3 medical diagnosis of respective YES/NO
conditions.

| understand that undergraduate and postgraduate students (under the supervision of academic staff) will YES /NO
assist in the undertaking of my assessments and that they have been given appropriate training.

| understand that all data collected throughout the study will be kept safely and securely. YES /NO
| understand that my results will remain anonymous unless the researchers need to contact my GP in YES/NO
relation to my results.

| understand that my participation is voluntary and that | am free to withdraw at any time, without giving YES /NO
any reason.

| understand that upon my request any personal data will be removed from the study database should | YES /NO
wish to withdraw my participation.

| consent that my personal data can be retained in 2 database by the study researchers for the purposes of YES /NO
research and statistical analysis.
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* University of
Gy Semderiend
PARTICIPANT CONSENT FORM (PAGE 2)
CHAMNGES IN SLEEP, ENERGY AVAILABILITY AND TRAINING LOADS ACROSS THE TRAINING SEASON

| understand that in the use of online apps, despite apps having data protection regulations in line with YES / NO
GDPR, there is still potential for online data breach and it can’t be guaranteed data stored will be deleted.

| understand that my data may be made available with my anonymity protected to research students for YES / NO
the purposes of fulfilling their research projects.

| understand that the data collected from my participation in this programme can be published in YES / NO
academic/professional journals, and can also be presented at conferences.

| understand that my anonymity will be protected at all times and no individual names will be ascribed to YES / NO
any publication.

| agree that any personal information about me will remain locked in filing cabinets at the University of YES /NO
Sunderland and will be destroyed after 10 years of the conclusion of the study.

| agree to participate fully and understand all responsibilities and requirements that are necessary for the YES / NO
study.

| agree that my personal information may be passed on to emergency medical services (First-aider, YES /NO
paramedic, doctors) should the need arise during the testing.

| understand that the data collected from my participation can be withdrawn at any time, without the YES / NO
need to provide reason.

Name of Participant [print name) Date Participant Signature

Name of person taking consent Date Researcher Signature

(Researcher name)
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Health screening study 4:

RV —

APPENDIX 4

PRE-PARTICIPA’ TH QUESTIONNAIRE (PAGE 1)
14, Do you have, or have you ever had, any form of kidney disorder? YES/NO
This information will not be d a1 condl na y session. This information regarding 15 Do have, or heve Torm of thyrod disorder? YES/ NO
resesrch and external clients witl be treated as ang only of staff empiloyed by e i PRS- /
the University of Sunderiand, Sport and Exercise Science will have scoess. 16. Do you have, o have you sver had, any form of cancer? YES/ NO
Your safety during participation in this h study Is of par Vo to us. We ask you 17. Do you have ostecpoross? YES / NO
to late the following pre-par ng o Please nswer the
questions honastly and thoroughly 18. Do you have any form of artheits? YES/NO
PERSONAL INFORMATION 19 Are you, or 30 you have reason 10 befleve, yOu Mmay be pragnant? YES/NO
NAME | DATE OF BIRTH: 20. Do you currently have any form of muscle, igament or joint injury? YES/NO
MEDICAL CONDITIONS!
SIGNS AND SYMPTOMS:
If you circle/tick ‘yas’ to ony of the folowing guestiant please provide further detolls in the spoce
Provided ot the and of the yuastionneire and please e oFf cuvvent mesieosions. 21 Do you ever have paens in your chest or suTounding aress, epecialy during exercise” YES/NO
1. Have you had to consult your Doctor within the last six months? YES/NO 22 Do you ever get that fesling your heart i beating abnormally, racing, Or skipping beats, ether st restor during | YES / NO
exercise’
o DIy Nave a—? - 3. Do you ever et pains I your Caives, BUttocks, or 8¢ the Backs of your legs during exercize which is not due | VES / NO
2a. Insulin Dependent Diabetes Melltus (IDOM) to fatipue or stfiness®
_— 24. Do you ever feel fairt or have spefis of severe dizziness, particularly with exercise® YES /NO
2b. Non-nsulin dependent diabetes mellitus (NIDDM)
— —— >
y =y =y = ~— 25. Do you ever experience swellng or of fuld the ankies’ YES/NO
)
3 Doyouhsves 3 VES /N0 26 Do you ever experience unusual fatigue or Shortness of Dresth at rest or with mild exertion YES/NO
38, DO you have an ssthma inhaler? YES /MO 27. Mave you ever had an attack of shortness of breath that came on sfter you STOPDed exercising? YES/NO
4. Do you have a chronic obatructive pul y disease, xe hong Gisesse or Cystx fbromis” YES /NO 28 Have you been swakened in the might by shortness of bresth? YES /NO
5. Has your doctor aver toid you that you have heart trouble? YES /NO 29. Do you ever have chest tightness when not exercising? YES /NO
6 Has your doctor ever tolkd you that you have & heart murmur? YES /NO 30. Have you ever had chest tightness, cough or wheeazing which made & difficult for you to perform in sports? | YES / NO
7. Has your doctor ever told you that you have circulation problems > YES /NO 31 Have you ever been treated or hospitaled for asthma? YES/ NO
8. Doyouhave, o have you ever had, high blood pressure? ves/wo 32 Have you ever been told 10 pve up 5pOrts because of health problems? YES/NO
8 Hoveyou sver had s stroke? %/ 33. Have you ever been told you have high blood pressure? YES/NO
30 Is there 3 history of heart disease in family? YES /NO
g 34 Have you ever been 10ld you have high cholesterol® YES/NO
11 Do you have, or have you ever had, sezures or epilepsy? YES/NO
35. Do you have trouble breathing or do you cough during or after activity” YES/NO
12. Do you have, or have you ever had, any form of iliness or mjury to the head? YES /NO
36. Have you in the last € months had an E0G or 24h heart rate trace taken? YES/NO
13. Do you have, or have you ever had, any farm of liver disorder? YES/NO
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MEDICATIONS:
PHYSICAL ACTIVITY & LIFESTYLE:

|n.mmmmwmum7nq_ﬁniwm _-I mrml
purposes beiow,

- 3

PHYSICAL ACTIVITY DEFINITIONS
Sedentary: No physical activity sessions of 30mins duration or longer per week

Low: Some physical activities on 1-2 days per week but activity sessions are generaily less than 30mins

Moderate: Regular physical activity sessions of 30mins or more on 3-Sdays per week

High: Regular physical activity sessions of at least 30mins on 6-7 days per week
.

37, Using the definitions above, how would you describe your prasent level of physical activey?

Sedentary Low Moderately Active Highly Active
Pleass use the following space to tell us sbout your medical conditions in more detail.
38, How would you deseribe your prasent level of fitness?

Very unfit Wnfit, Modarately fit Very it Elite fitnass
39, How would you describe your prasent body weight?

Underweight  Ideal weight  Overwsight

40. Do you smoks or vape? if no, please go o question 41 YES / MO
41, How many chgarettes do you smoke, on average, per day?

42 How long have you smoked?

43. Do you drink alcohal? If no, please go to guestion 46 YES /NO

44, How many united of alcohol, on sverage, do you drink per day during the wesk? {1 unit = % pint lager/beer,
one shot spirits, one small glsss wine)
45. Have you drunk sny slcohol in the last 24 hours? YES /NO

46. Have you ingested any substances in the last 48,72 hours? YES / NO
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| confirm that:

(a) 1am willing to take part in the research project as a volunteer subject.
(&) 1 have had ne significant iliness since my last medical examination.

| understand that:

(a) The member of staff will explain the nature and purpose of each practical session and will

inform me of any foreseeable risk to my health as a result of my participation.

(b) | agree to terminate any practical activity if the member of staff in charge feels it is advisable
to do so.

() 1havefwill inform the member of staff in charge of any permanent and/or temporary medical
condition from which | am suffering or have suffered recently, which might be made worse by
physical activity participation.

| authorise the member of staff in charge to inform my general practitioner should he/she feel that
any significant untoward event occurs during or after the practical session, which might be a result of

my participation.

Name (Participant] .. ........coovvmmensnsnns Name [Researcher] ... riiiiiinins
Signature L. Signature

GPName Emergency Contact Name s
GP Contact Address ..ccvcccsmcimsme s s e Emergency Contact Relationship
GP Contact Telephong ... Emergency Contact Telephone .



APPENDIX 5

LEAF-Q + scoring key studies 1-4:

1. Injuries Mark the response that most accurately describes your situation

A: Have you had absences from your training, or participation in competitions during the last year due
to injuries?

O nNo,notatall [ ves,onceortwice [J Yes, three or four times 0 ves, five times or more

A If yes, for how many days absence from training or participation in competition due to injuries have
you had in the last year?

0 »7days 0 814 days 0O sa1days O 22 days or more
A2: If yes, what kind of injuries have you had in the last year?

Comments or further information regarding injuries:

2. Gastro intestinal function

A: Do you feel gaseous or bloated in the abdomen, also when you do not have your period?
[ ves, several times a day [J Yes, several times a week
O ves, once or twice a week or more seidom  [J Rarely or never

B: Do you get cramps or stomach ache which cannot be related to your menstruation?
[ ves, several times a day [J Yes, several times a week
D ves, once or twice a week or more seldom  [J Rarely or never

C: How often do you have bowel movements on average?
D&venl(tneuday DOnceaday Divuys«mdday
nkaeaw«k uOmcaweekummdy

D: How would you describe your normal stool?
O Normal (soft) O Diarrhoea-like (watery)  [J Hard and dry
Comments regarding gastrointestinal function:
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3. Menstrual function and use of contraceptives

3.2 Menstrual function Mark the

li
l
F
i

i
:
!

3.1 Contraceptives Mark the response that most accurately describes your situation
A: Do you use oral contraceptives?
0 ves 0 Ne

A If yes, why do you use oral contraceptives?

0 Contraception [ Reduction of menstruation pains ) Reduction of bleeding
0 Toregulate the menstrual cycle in relation to performances etc..

O Otherwise menstruation stops

0O other

A2: If no, have you used oral contraceptives earlier?
0 ves O nNo

A2 If yes, when and for how long?.

B: Do you use any other kind of hormonal contraceptives? (e.g. hormonal implant or coil)

0 ves O no

Bt: If yes, what kind?

O Hormonal patches [ Hormonalring  [J Hormonal coll ) Hormonal implant [ Other
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A How ol were when you had your first period”
O vyearsoryounger [ uvyears [Jvyearsorolder [J1don't remember

o | have never menstruated (¥ you have answered “1 have never menstruated™ there are no further
Questons to anwer)

& D\ your first menstruation corme naturally (by tself)?

0O ves O O 1 don't remerser

BE 1m0, whiat kind of treatment was used to start your merstrual cycle’
0 hiormoa trearmers O weight gain

0O Reduces of 0 oeher

€ Do you hawe normal merstruation”

0 ve 0 wo(go to question €8) D 1 dort know (go to question C6)
€ 1 g, wwhens was your lest period?

O oswestsage Dramonthsage O yemontnago 05 months ago or more
€2 ¥ yes, are your periods regular? (Every 28 10 34™ day)

O vesmostotthetime [ No, mostly not

Cx o yoy, for how many days do you normaly bleed”

0 sacopn O yecan Dsecan Or8can Ogcapormore

Ca: it yes, Nave you ever had protilers with heavy menstrual bleeding”

0 Ye One

€33 i yos, how many periods have you had during the last year!

ODuomore Oen Des O3 Doz




3.2 Menstrual function

Mark the response that mast accur ately describes your situstion

€6t 1t no or "I don't remember”, when did you have your last period!
0 23 months ago 0 445 months ago 0 & months ago or more

O 'mpregnant and therefore do not menstruate

D: Mave your periods ever stopped for 3 consecutive months or longer (besides pregrancy )

0 No,never 0 Yes, It has happened before 0 Yes, that's the situation now

E: Do you experience that your menstruation changes when you increase your exercise intensity,
frequency or duration?

O ves 0

Ex i yes, how? (Check one or more options)

0 I bleed less O Ibleed fewerdays [ My menstruations stops
0O 1 bleed more O 1bleed more days

LA O No, not at all, 1 Yes, once or twice, 2 Yes, three of four times, § Yes, five times or more
LARIY oy 3 Baqdars 3 75 e, § 22 daps or more

A3 Yo, several Bemes 2 day, 2 Yoy, several Bimes 2 weel, 1 Y5, 0nor of Dwice 2 week or more seldom,
© Rarely or Dever

2. B 3 Yes, several times 2 day, 2 Yeu, several thmes 2 week, 1 Yes, once of twice 2 week or more seldom,
0 Rarely or never

2. € v Several tmes 3 day, @ Once 2 day, 3 Every second day, 3 Twice 2 week, § Once 2 week or more
farely

2 D @ Normal, 1 Diarrhoea She, 3 Mard and dry

3.1 Ac o Contraception, 0 Reduction of menstruation pains, @ Reduction of bleeding,

0 To reguiate the menstrual Cycle i refalion 10 Derformances etc , t OTherwise Mmenstruanon tops
52500 1 yRars o yOunger, © 1304 years, § v years or cider, @ | doe't remember,

81 have never menstruatec

3.2 B oYes, ) NO, 1 | Gom't remember

3.3 B 1 Mormonal trestiment, | Weight gan, 1+ Reduced smount of esercive, 1 Other

3.2 G20 Yes, 3 No (o to question 3.2 CA), 11 Son't know (g0 10 guestion 3.2 (8)

5200 004 wasks ago, 1 42 Months ago, 3 34 months ago, § § months ago or more

5.2 (20 0 Vs, most of the time, 1 No, mastly not

33 CH 003 days, @ 54 diyy, 056 days, @ 78 days, 09 days or more

srla0Ye 0N

Mlyeurmonm 198 3040

5.2 080 2y monthe ago, 3 49 Montis ago, ) § Months ago of more

01'm pregrant and therefore o not menstruate

3.2 Or 0 Mo, never, § Yeu, 1t has happened before, 2 Ves, That's the stustion now

sl Yes 0 N0

33 60 01 Dbeed e, ¢ | Dleed fewer days, 3 My menstruations slopn, @ | bleed mare, @ | bleed more dors
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FAST + scoring key studies 1-4:

APPENDIX 6

Key:
Exercises Physical Activity 220 minutes

Practice~ Schedule time allotted by coach to work as a team or individually in order to improve performance
Training= intense physical activity. The goal is 10 improve fitness level in order to perform optimally.

1. | participate in additional physical activity » 20
minutes in length on days that | have practice or
competition

1) Frequently
1) Sometimes
3) Rarely
4) Never

1. Wicannot exercise, | find mysell worrying that | wil

Roin weght
1) Frequently
1) Sometimes
3) Racely
4) Newer

3 | believe that most female athietes have some form

of disordered eating habits.
1) Strongly agree
1) Agres
3) Dhsagree
4) Strongly dhagree

4 Dwring training, | control my fat and calorie intahe

carefully.
1) Frequently
1) Sometimes
1) Rarely
4) Never
5. 1 don't not eat foods that have more than J grams
of fat.

1) Strongly agree
1) Agree
1) Disagree
4) Strongly dsagres

& My performance would improve if | lose weight.
1) Strongly agree
1) Agree
3) Disagree
4) Swengly dsagree

295

7. Wigot on the scale tomorrow and gained I pounds,
| would practice or esercise harder or longer than
viual

1) Freguently
1) Sometimes
3) Racely
4) Never
£ weight myselt
1) Dally
2) 2 or more times & week
3) Weekly
4) Monthly or less

9. M ichose to exercise on 2 day of competition

(game/meet), | exercise for
1) 2 or more houns
2) 45 minutes to 1 howr
3) 3045 minutes
&) less than 30 minutes

10. o 1 know that | will be consuming alcoholic
beverages, | will thip mesh on that day or the
loflowing day

1) Frequently
1) Sometimes
3) Rarely
4) Never
11 1 feed guiity if | chose fried foods for & meal.
1) Frequently
1) Sometimes
3) Rarely
4) Never

12. W iwere injured, | would still exercise even if | wan

nstructed not 1o do 10 by my sthletic trainer or



13. 1 take dietary or herbal supplements in order to
increase my metabolism and/or to assist in burning
fat.

1) Frequently
2) Sometimes
3) Rarely
4) Never
14. 1 am concerned about my percent body fat.
1) Frequently
2) Sometimes
3) Rarely
4) Never

15. Being an athlete, | am very consclous about

consuming adequate calories and nutrients on a

4) Never
16. | am worried that If | were to gain weight, my
performance would decrease.
1) Strongly agree
2) Agree
3) Disagree
4) Strongly dsagree
17. 1 think that being thin is associated with winning.
1) Strongly agree
2) Agree
3) Disagree
4) Strongly disagree
18. 1train intensely for my sport so | will not gain
weight.
1) Frequently
2) Sometimes
3) Rarely
4) Never
19. During season, | choose to exercise on my one day
off from practice or competition.
1) Frequently
1) Sometimes
3) Rarely
4) Never
20. My friends tell me that | am thin, but | feel fat.
1) Frequently
1) Sometimes
3) Rarely
4) Never
21. 1 feel uncomfortable eating around others.

4) Never

3) Rarely
4) Never
24. If | were unable to compete to my sport, | would
not feel good about myself.
1) Strongly agree
2} Agree
3) Disagree
4) Strongly disagree
25. if | were injured and unable to exercise, | would
restrict my caloric intake.
1) Strongly agree
2) Agree
3) Disagree
4) Strongly disagree
26. In the past 2 years | have been unable to compete
due 1o an Injury.
1) 7 or more times
2) 4-6tmes
3) 1-3tmes
4) no significant injuries
27. During practice | have trouble concentrating due to
feelings of guilt about what | have eaten that day.
1) Frequently
2) Sometimes
3) Rarely
4) Never
28. | feel that | have a lot of good qualities.
1) Strongly agree
2) Agree
3) Disagree
4) Strongly disagree
29. At times | feel that | am no good at all.
1) Strongly agree
2) Agree
3) Oisagree
4) Strongly disagree
30. 1 strive for perfection in all aspects of my ie.
1) Strongly agree
1) Agree
3) Disagree
4) Strongly disagree
3L 1 avold eating meat in order to stay thin,
1) Strongly agree
2) Agree
3) Disagree
4) Strongly disagree
32. 1 am happy with my present weight.
1) Yes
2) No
33 | have done things to keep my weight down that |
believe are unhealthy.
1) Frequently
1) Sometimes
3) Rarely
4) Never

4) Never

23, 1try to lose weight to please others.
1) Frequently
2) Sometimes

G pine maent iy | ptie wvmtioned, ) gtae caredy | gt s wver (Reverse 010 04 WD)

R e )

B L T

MNULTY K Y Adems C M Ansermn, J M. & Aferie, 5 O (3007) Dewsbapmens and
CERANON (F 8 MW ang T N IRy GG RTINS 1 B ahietes o of e Amenc an

Osatete Apsocaos POVAL BB 002
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EDS-R + scoring studies 1-3:

| continually increase my exercise intensity to achieve the desired effects/benefits.

| am unable 10 reduce how long | exercise.

APPENDIX 7

Scale Scoring

] e
which allows for immediate and accurate scoring. The computer scoring of the Exercise

Dependence Scale is based on the SPSS (Statistic Package for the Social Sciences). A

mummw(mwwnmmmm

feedback to the Exercise Dependence Scale responses once the items are entered inlo
Me— SPSS. The syntax enables:

| would rather exercise than spend time with family/friends

| spend a lot of tme exercising.
| exercise longer than | intend.

1. Computing a total and subscale mean scores for Exercise Dependence Scale-21. A
higher score indicates more exercise dependent symploms.

:mbmmm
exercise when injured.__ 2. Categorizing participants into either at-risk for exercise dependent, nondependent-
I continually increase my exercise frequency to achieve the desired effectsbenefits ___ symptomatic, or nondependent-asymplomatic groups. The categorization into one of the

| am unable to reduce how often | exercise.

CMWWMIMNMG»W
. | spend most of my free time exercising.

| exercise longer than | expect

| exercise longer than I plan.____

three groups is generated by a scoring manual that consists of flowchart decision rules,
in which items or combinations or items determine if an individual would be classified in
the dependent, symplomatic, or asymplomatic range on each of the 7 DSM criteria.

| exercise 10 avoid feeling tense. Wmmwwnwmpmsumdmowm
. | exercise despite persistent physical problems. are classified as exercise dependence. The dependent range is
| continually increase my exercise duration 1o achweve the desired effectsbenefits Indicating a score of 5 or 6 for that tem. Wmmdhhsblwn
| am unable to reduce how intense | exercise. classified as symptomatic. These individuals may theoretically be considered at-risk for
I choose 1o exercise so that | can get out of spending time with famityfriends. exercise dependence. Finally, individuals who score in the 1-2 range are classified as
A great deal of my time is spent exercising. asymptomatic

Exercise Dependence Scale (EDS-21) Component Scoring

Component _ item Numbers
Withdrawal Effects 1.8.15

| Continuance 29,16
Tolerance 3.10.17
A_.adto'Coﬁml 411,18

| Reduction in Other Activities 512,19

Time 61320
Intention Effects 7.14.21
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APPENDIX 8

Study 1 supplementary data:

Appendix 8.1. Responses of those female triathletes who are considered at risk for the key
components of the LEAF-Q (Injury [cut-off score =2] (n = 243); Gastrointestinal Disturbances
[cut-off score =2] (n = 303); Menstrual function [cut-off score =4] (n = 104)).

LEAF questionnaire component Frequency Percent

1. Imjury history
Number of days lost from participation due to injury in past vear:

1-7 78 32
8-14 46 19
15-21 43 18
=22 76 3
Most common injuries reporied (respondent can choose more than one):
Muscular strain/tear 56 23
Tliotibial band friction syndrome (ITB) 17 7
Knee injury 42 17
Hamstring injury 12 5
Achilles tendonitis/ankle mjury 41 17
Plantar fascutis/foot mjury 22 9
Stress fractures 23 9
Shoulder injury 13 5
Back mjury 21 9

2. Gastroimntestinal Disturbances
Abdominal bloated/gaseous when not having peniods:

Daily - weekly 2 30

Seldom 130 43

Rarely or never 81 27
Cramps/stomach-ache not related to vour menstruation:

Daily - weekly 38 13

Seldom 115 39

Rarely or never 146 48

3. Menstrual Function
Exercise-related menstrual changes:

Bleed less 32 42
Menstruation stops 40 52
Bleed more 77 7

LEAF-Q; Low energy availability in female’s questionnaire
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Appendix 8.2, Responses to the female athlete screening tool as reported by female triathletes 31. I 2void eating meat m order to stay thin, EE) ]
(n = 393). )

— 32. T am not happy with my present weight. 228 58
FAST questionnaire component {(scores =3) Frequency Percent - - - . i -
T, 1 participate in additional physical activity 520 mamntes i length on days 225 57 33. Thave done things tO-LEE]:I my weight down that I believe are unhealthy 148 38
that I have practice or competition. FALT, female athlete screening toal
1. IfIcannot exercise, I find mryself worrying that Iwall gain weight. 295 75
3. Ibelieve that most female athletes have some form of disordered eating 134 47
habits.
4. During tramning, [ control my fat and calonie intake carefully. 206 3l
5. Idonot eat foods that have more than 3 grams of fat. 44 1
6. My performance would improve if T lose weight. 275 T0
7. If1 got on the scale tomorrow and gained 2 pounds, I would practice or 176 43 Appendix 8.3. Frequency of individuals at risk across the LEAF-Q), FAST and EDS-R in
xercise hardef or longer than usual. female triathletes (n=393).
8. I'weigh myself... (daily or two or more times a week) 122 £} - T
9. IfI chose to exercise on the day of competition (game/meet), [ exercise 37 9 Questionnare ategory
for. .. (2+ hours or 45 minutes to an hour) LEAF.Q FAST EDS-R Frequency Percent
10. If I kmow that I wall be consuming alcoholic beverages, I will skip meals 41 10 - -
on that day or the following day. At risk low EA ED Atrisk EXD 12 3
11. I'feel gulty if I choose fried foods for a meal. 122 57 At rigk low EA DE At rizk EXD 3 1
12, If I were to be injured, I would sl exercise even if I was mstructed not 141 36 ) .
to do so by nay athletic trainer or physician. At risk low EA No ED At risk EXD 6 2
13. I take dietary or herbal supplements in order to increase my metabolism 42 11 At risk low EA ED 5y 12 3
and/or to assist in burning fat. , .
14. T am concerned about my percent body fat 234 60 Atrisk low EA DE Y 4 1
15. Being an athlete, I am not very conscious about consuming adequate 78 20 Atrisk low EA Ne ED Y 46 12
calories and nutrients on a daily basis. )
16.1 am worried that if I were to gain weight, my performance would 290 4 Atrisk low EA ED AB o 0
decrease. At rigk low EA DE AS 10 3
17. I think that being thin is associated with winning. 147 a7 , .
18. 1 train intensely for my sport so I will not gain weight m 45 At risk low EA No ED AB 30 8
19. During season, I choose to exercise on my one day off from practice or 146 7 Wot at-risk low EA ED At rigk EXD 1 ]
competition. ) .
20. My friends tell me that T am thin but [ feel fat 185 47 Not at-risk low EA DE At risk EXD 2 1
21. I feel ncomfortable eating around others. 8 20 Mot at-risk low EA Na ED Atrisk EXD 3 2
22, T himit the amount of carbohydrates that I eat. 161 41 )
25. T try to lose weight to please others. 51 16 Not at-risk low EA ED 8Y g -
M If 15;]?-:{8 unable to compete in my sport, [ would not feel good about 307 T2 Not at-risk low EA DE 8y 30 8
25. IfTwere injured and unable to exercise, I would restrict ry calorie intske, 274 70 Not at-risk low EA NoED §Y &8 22
26. I.n;b:opﬁaﬂlygms I have been unable to compete due to an mjury... (7+ 33 8 Mot at-risk low EA ED AS 0 0
or times
17. During practice [ have trouble concentrating due to feelings of guilt sbout 33 14 Not at-risk low EA DE AB 8 2
2 ?:gl :':;e ;‘;ﬁ;:at dﬂl& S ” . Not at-risk low EA No ED AS L7) 2
. Ve a good qualities. ] _ i _ _ _
. AS, asymptomatic; DE, disordered eating; EA, energy availability, ED, eating disorder; EDS-R, exercise
29, At times I feel that I at all. 210 53
30 Isu-iv:;m mm&i E E:;:m of my life. 157 &3 dependence scale revised, EXD, exercise dependence; FAST, female athlete screening wal; LEAF-Q, low

energy availability in female's questionnaire; 3Y, symptomatic,
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Study 2 supplementary data:

Appendix 9.1. Responses to key components of the FAST questionnaire as reported by female

triathletes (u = 379)

FAST questionnaire component (scores >3)

18-29
(years)
N=101

30-39

(years)

0H-8

(years)
N=119

1. 1 participate in additonal physical activity >20
munutes in length on days that [ have practice or

competition

2. If1 cannot exercise, | find myself worrying that
I will gan weight

3. 1 beheve that most female athletes have some
form of disordered eating habits.

4. During traming, | control my fat and calone
intake carefully.

5. 1do not eat foods that have more than 3 grams of
fat

6. My performance would maprove if I lose weight.

7. If I got on the scale tomorrow and gained 2
pounds, I would practice or exercise harder or
longer than usual

8. I'weigh myself .. (daily or two or more times a
week)

9. IfI chose to exercise on the day of competition
(game'meet), I exercise for... (2+ bours or 45
minutes to an bour)

10. If T know that I will be consuming alcoholic
beverages, 1 will skip meals on that day or the

following day.
11. 1 feel guilty if I choose fried foods for a meal.

12 If1 were to be mjured, I would still exercise even
if I yg3s instructed not to do so by my athletic
trainer or physician.

13. I take dietary or berbal supplements in order to
increase my metabolism and'or to assist m
bummg fat

14. I am concemned about my percent body fat.

15. Beinz an athlete. I am not very conscious about
consummg adequate calories and nutrients on a
daily basis.

16. I am womed that if I were to gain weight my

would decrease.

17. I think that being thin is 2ssocizted with winning.

62

84
35
57
13
65

55

56

19

78

N=159
59

0

i3

10

i3

13

74

2

33

75

38

Appendix 9.2. Freguency of those who meet the cut-off score (>5) for the seven subscales of
the EDS-R as reported by female triathletes classified as at risk for EXD across age groups.

18. I tram mibensely fior my sport so | will not gan

19. During sesson, | chooss to exercize on my one
day off from practice or competshon.
20. My Sriends vell me than T s thin b | el fae.

21 1 fieel uncomfortable eatmg around others.
22, T Limit the semoumt of carbobydrates that | eae.

23. T'ry to lose weight to please others

24. ] were unable io compete m vy sport, | would

235 1] were mjured and unsble 1o exercise, | would
restrct ey calone minke

26 In the past 7 yeurs | have been unable 1o compete
due o an ... (7= or 4 1 & tees)

27. Dunng practice | bave trouble concentratmg due
to feelings of puskt about what | have eaten that

n rfrﬂhlm‘:hwﬂhdwam
29, Al umes | foel that | am oo good st all
30. 1 strive for perfection in all sepects of my life.
31 1 avoid eating mest i ordes to stay fhin
32 1 am not happy with mry present weught

33, Thave done thangs o keep my weaght down that
1 believe are

n

S

47

18
4

12

n

4

61
3]

g2

41

1%

11
m

65

10

LA]

b |
kL]

Fll'l',h&dl-n_. o]
[hars prosented as perantigs

APPENDIX 9

1820 (years) 30— 39 (years) 40— 40 (years)
EDS-R questionnaire component N=16 N=10 N=8
Withdrawal effects & %0 (]
Continuance &3 80 63
Tolerance 69 60 75
Lack of control 88 100 88
Reduction of other activities 75 90 50
Time 75 70 88
ntention effects 56 60 75

EXD, exercive dependence; EDE-R, exercive dependence scale revised. Data presented as percantage,
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Appendix 9.3. Cross-tabulation of Age Group and LEAF-Q score categories.

Age Group (vears) At risk (LEAF-Q) Not at risk (LEAF-Q) Total
Count 49 52 101
18.29 Expected Count 424 58.6
Colunm % 30.8 236 27%of 379
Count 64 85 159
30-39 Expected Count 66.7 923
Colunm % 40.3 43.2 42% of 379
Count 46 13 119
40-49 Expected Count 49.9 69.1
Colunm % 189 332 31% of 379
Pearson chi-square = 2.506; degrees of freed om =2, p = 286.
LEAF-Q, low energy availability in female's questionnaire.
Appendix 9.4. Cross-tabulation of Age Group and FAST score ca B
__Age Group (years) No ED (FAST) DE (FAST) ED (FAST) Total
Count 61 28 12 101
18-29 Expected Count 66.9 251 91
Column % 243 208 353 17% of 379
Count 105 38 16 159
30-38 Expected Count 105.3 354 143
Column % 41.8 404 47.1 42% of 379
Count BS 28 6 119
40-45 Expected Count 78.8 285 10.7
Column % 339 208 17.6 31% of 379

Pearson chi-square = 4.695; degrees of freed om = 4; p = 312
DE, disordered eating; ED, eating disorder; FAST, female athlete screening tool.
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Study 6 supplementary data:

Appeadix 10.1. Responses to key components of the FAST questionnaire as reported by
female triathletes (n = 383).

o strongly agree)

N=293

Recreaticnal  Top-Percentile
FAST questionnaire component (item scores = 3 points, i.e., agree  Ape-grouper  Age-groupes

N=50

1.1 participate n additional physical activity =20 minutes m length
on davs that [ have practice or competition.

5

N e

10

1.

12

17.
18
15.

20.

If 1 cammot exercise, | find myvelf wormang that I will gam
—

I believe that most female athletes have some form of
Dunng trammg, | control my fat and calone mtake carefully.
1 do mot eat foods that have more than 3 grams of fat.

Ly performance would mprove if | lnse weight.

If I got on the scals tomorrow end gained 2 poonds, T would
prachoe or exercise harder or langer than usnal

I weigh mrysalf . (daiby or two or more times & week)

K1 chose to exsrcise on the day of competition {game meet), I
exarcuse for (24 howrs or 45 mimates to & hour)

I 1 kmow that [ will be consuming alcoholic beverages, [ will
dop meals on tht day or the following day.

1 f2el gty of | choose fned foods for a meal.

I 1 were o be injured, I would sull exercise even if I yas
mstructed not to do 5o by my athletic trainer or physician

. I takce detary or herbal supplements in order to increase my

metabolism and 'or 1o assist i bummg fat
1 am concerned about my percent body far

- Being an athlete, | am not very conscious about consuring

adequate calories and nutrients on & daily basis

. T am worried that if T were to gain weight, my performance

would decrease.

1 think that being thin is associsted with winning,

1 train mtensely for my sport s0 1 will not gain weight,
Duwing sesson, 1 choose to exercise on my one day off from
prachoe of competition,

My friends tell me that | am thin but I feel fat.

3

&3
bl

L

39

»

2

38

&0

52

62

33

B

21. [ feel uncomiortable eating around others.

22 1 limit the amount of carbolyydrates that [ eat.

23, Ty to lows weight to pleass others

24, If | were unable to compete m my sport, | would not feel good
ahout myself

25 1 1 were mjured and unable to exercise, [ would restrict my
calore mtake,

26, In the past 2 years | have been unable to compete due to an
imjury.. (7= or 410 6 timee)

7. Durmg practice | have trouble concentrating due to feelings of
guilt about what [ have saten that day

28, [ feel that | dpg't have a lot of good qualities.

29, At tunes [ feel that | am no good at all

30. T strive for perfiection in all aspects of my life

31, Davoid eating meat in order 1o stay thin.

32 [ am not happy with my present weight.

33, 1 have done things to keep my weight down that I believe are
unhealthy

15

56

ad

LH
19

4
63

4l
Y]

FAST, female athlets scressng tool. Diats presented a5 parceastages.

APPENDIX 10

Appendix 10.2, Frequency of those who meet the cut-off score (>5) for the seven subscales of
the EDS-R as reported by female triathletes classified as at risk for EXD across performance

levels.
EDS-R. questionnaire component  Recreational Age Grouper  Top-Percentile Age Grouper
N=25 N=0

Withdrawal effects u 67

Continnance 68 67

Tolerance 64 78

Lack of control ) 7

Reduction of other activities n T8

Time n 39

Intention effects 56 78

E.}.'_D, exercise dependence; EDS-R, exercise dependence scale revised. Data presented as parcentage.
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Appendix 10.3. Cross-tabulation of performance level and LEAF-() score categories

Performance Level At nsk (LEAF-()) Not at n=k (LEAF-()) Total
Count 114 179 203
Recreational Age-grouper Expected Count 1193 1737
Column %2 73.1 789 77% of 383
Count 41 48 90
Top-percentile Age-grouper Expectad Count 36.7 533
Column %2 26.9 211 24% of 383
Pearson chi-square = 1.717; degrees of freed om = 1; p= 220,
LEAF-Q), low energy availability in famale’s questionnaire.
Appendix 10.4. Cross-tabulation of performance level and FAST score categories
Performance Level No ED (FAST) DE (FAST) ED(FAST) Total
Count 196 bil 2 203
Becreational Age Grouper Expected Count 192.0 150 260
Column %5 78.1 724 763 T7% of 383
Count 35 27 B o0
Top-percentile Age Grouper Expected Count 59.0 23.0 20
Column %5 219 276 235 24% of 383

Pearson chi-square = 1.247; degrees of freed om =2; p= 338

Mo ED, no eating disorder; DE, disordered eating; ED, eating disorder; FAST, female athlete screening tool.
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