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Abstract: The purpose of this study was to examine individual and combined Female Athlete Triad
components within collegiate cheerleaders, an at-risk group. Cheerleaders (n = 19; age: 20.3 ± 1.2 years)
completed anthropometric measurements, health history questionnaires, resting metabolic rate, the
eating disorder inventory-3 and symptom checklist, blood sample, and DXA scan. Participants
completed dietary and exercise logs for 7 days and used heart rate monitors to track daily and
exercise energy expenditure. Proportions were calculated for low energy availability (LEA) risk,
disordered eating risk, and pathogenic behaviors. Chi-square analysis was used to determine the
difference between cheerleaders who experience low EA with or without disordered eating risk. All
cheerleaders demonstrated LEA for the days they participated in cheerleading practice, 52.6% demon-
strated LEA with eating disorder risk and 47.4% demonstrated LEA without eating disorder risk,
52.6% self-reported menstrual dysfunction, 14% experienced menstrual dysfunction via hormonal
assessment, and 0% demonstrated low bone mineral density. Overall, 47.7% presented with one Triad
component, 52.6% demonstrated two Triad components using self-reported menstrual data, and
10.5% demonstrated two Triad components using hormonal assessments. All cheerleaders displayed
LEA. These findings support the need for increased education on the individual components of the
Triad and their potential consequences by qualified personal.

Keywords: low energy availability; menstrual dysfunction; bone mineral density; female athlete triad

1. Introduction

Over the last two decades, competitive cheerleading has grown in popularity as a
sport in both the adolescent and college aged populations, with estimates suggesting over
a million annual participants [1,2]. This growth is a result of a transition from the previous
role of cheerleaders who statically stood on the sidelines of sporting events promoting
crowd involvement, to the now dynamic and engaging sport that places an emphasis
on athletic and acrobatic skills. Due to this increase in full body, high intensity, athletic
demands, competitive cheerleading is comparable to other sports such as gymnastics,
ballet, swimming, and diving. These sports have a long-reported history of increased risk
of eating disorders (EDs) due to the emphasis of lean body shape and the aesthetic nature
of the activities required [3,4]. EDs also place those who participate in cheerleading and
other aesthetic sports at risk for low energy availability (LEA), which is a component of the
Female Athlete Triad (Triad) [5].

The Triad is defined by the American College of Sports Medicine as an interrelated
condition that involves LEA with or without an ED, menstrual dysfunction, and low
or abnormal bone mineral density (BMD) [5]. The Triad is associated with long-term
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health consequences, specifically complications that involve the cardiovascular, endocrine,
reproductive, skeletal, gastrointestinal, renal, and central nervous systems, and mental
health [5]. In 2014, the International Olympic Committee defined a new concept termed
Relative Energy Deficiency in Sport (RED-S), which sought to expand the components of
the Triad to include impaired metabolic rate, menstrual function, bone health, immunity,
protein synthesis, and cardiovascular health [6]. The International Olympic Committee
acknowledged that the three identified components of the Triad exist within the newly
proposed syndrome and stressed the importance of examining the components individually.
One main difference between the Triad and the RED-S descriptions is that within RED-S,
LEA can be present when energy intake (EI) and total daily energy expenditure (TDEE) are
balanced, which would indicate that there is not a deficit of energy present [6,7].

LEA, the precursor of other Triad components, is defined when a female reaches a
level of energy availability (EA) ≤ 30 kcal/kg fat free mass (FFM) and can occur with
or without a diagnosis of an ED [8]. While the exact etiology of LEA is not precisely
known, EA may reach low levels by either unintentional or intentional methods [5,7–10].
Unintentionally achieved LEA is often due to the unawareness of proper sport specific needs
or lack of education altogether on the physical and physiological needs for athletes [5,8,9].
Intentionally lowered EA can occur by increasing the overall exercise energy expenditure
(EEE) to greater than EI or the inverse, lowering EI more than the energy expenditure.
Methods for intentionally altering dietary intake can include pathogenic behaviors such
as binge eating, purging, self-induced vomiting, use of diet pills or laxatives, engaging
in excessive exercise, and fasting [5,11–14]. These pathogenic behaviors may morph into
clinical EDs if not managed and treated appropriately.

EDs are mental health conditions classified by criteria in the Diagnostic and Statistical
Manual of Mental Disorders fifth edition (DSM-5) and include anorexia nervosa, bulimia
nervosa, binge eating disorder, other specified feeding and EDs, and unspecified feeding
and EDs [14]. When an individual suffers from symptoms but fails to meet criteria outlined
in the DSM-5, they are categorized as having disordered eating. These five categories
were updated with the acceptance of the DSM-5 and allow for more precise inclusion
and treatment of feeding and EDs. In addition to the reported complications of these
disorders (irritability, insomnia [15], obsessive–compulsive behavior toward food [14],
effects on the individual’s teeth, and electrolyte imbalance [16]), EDs have also been linked
to psychological problems (depression, anxiety, and suicide). Additionally, prolonged
energy restriction has been documented to compromise athletic performance in a variety of
sports [5,7,8,11].

The second component of the Triad is menstrual dysfunction, which spans a contin-
uum that ranges from healthy eumenorrhea to oligomenorrhea to functional hypothalamic
amenorrhea [7]. Reproductive hormone function is most commonly recognized by amenor-
rhea, which is defined as the absence of menstrual cycles for more than three months [17].
The type of amenorrhea that is caused by LEA is termed functional hypothalamic amenor-
rhea, which is caused by a lack of the pituitary gland secreting luteinizing hormone (LH) at
high frequencies [5,18]. There have been reports that when an individual suffers from LEA
for as few as five days, there is a significant change in the LH pulsatility, which may lead to
suppression of ovarian function and skeletal demineralization [18]. These complications
have long-term consequences, such as infertility, which may be irreversible.

Abnormal or low BMD is the third component in the Triad, which ranges from optimal
bone health to osteoporosis and is assessed through the gold standard measurement of
a dual-energy X-ray absorptiometry (DXA) scan [5,7,19]. The International Society for
Clinical Densitometry recommends that DXA scan results utilize the Z-score for diagnosis
of osteoporosis, which compares an individual’s results to age and sex-matched controls.
Osteoporosis, characterized by compromised bone strength and which predisposes individ-
uals to fractures, is quantified by a Z-score of ≤−2.0. The precursor condition, osteopenia,
is defined as a Z-score ranging from −1.0 to −2.0 [7]. Athletic participation generally
positively impacts BMD, as shown by the findings of athletes reporting 5–15% higher
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Z-scores compared to nonathletes [5,20–22]. However, when athletes suffer from other
components of the Triad, there are decreases in overall bone health and increased rates of
diagnosed low BMD. Prevalence of low BMD in amenorrheic athletes ranges from 1.4% to
50.0% [23–31], which demonstrates the importance of early detection and treatment of all
Triad components.

Triad research in sports has revealed a high prevalence of individual Triad components
when the sport has an emphasis on leanness and aesthetic appeal [5]. Specifically, aesthetic
sport athletes are 2–3 times more likely to suffer from the Triad [5]. There has been minimal
research focused on the cheerleading population [2,32,33], with none being focused on
cheerleading in the competitive area and with what has been presented being outdated and
lacking a reflection of the new generation of the sport. This gap in the literature, coupled
with the known lifelong health consequences that result from the Triad components and
the large size of the cheerleading population, reinforces the need for updated research
and recommendations for athletes, coaches, and governing organizations. Therefore, the
purpose of this study was to examine the individual and combined Triad components of
LEA with or without an ED risk, menstrual dysfunction, and low BMD within competitive
college cheerleaders.

2. Materials and Methods
2.1. Participants

Twenty-one participants began the study, with 2 dropping out due to inability to com-
plete all components of the study, yielding a total of 19 participants. College competitive
cheerleaders (n = 19; age: 20.2 ± 1.24 years, height: 160.71 ± 7.7 cm; weight: 58.67 ± 7.75 kg)
who were an active, participating, competitive member of a southeastern university cheer-
leading team participated in this study. Active and participating were defined as those
cheerleaders who were members of the institution’s cheerleading team and who completed
a minimum of three practices per week. The competitive aspect was defined as those who
were training to be members of the University’s competitive team that would compete
on the national level. This distinction adds additional practice time for the individual
compared to other university cheerleaders who may only be required to attend games and
social functions. Participants were excluded if they were unable to complete three practices
per week during the time of the study collection, were unable to participate due to injury or
illness, and were not a member of the college or institution. All 19 participants completed
self-report measures related to menstrual dysfunction. However, only 14 participants were
able and willing to provide a viable blood sample to be used in the hormonal analysis to
determine menstrual function.

2.2. Instruments
2.2.1. Demographic Survey

The basic demographic survey included age, education level, cheerleading participa-
tion history, current cheerleading experience, exercise background, and general medical
history including menstrual cycle history. Additionally, self-reported measures related to
weight included current weight, highest past weight, lowest past weight, ideal weight, and
mental weight. Ideal weight is defined as the weight in which the individual would like
to be at. Mental weight is defined as the perceived body weight in which the individual
would reach if no conscious effort were made to control weight [34,35].

2.2.2. Anthropometric Measurements

Multiple anthropometric measurements were collected including height (cm), weight
(kg, self-report and measured), and body composition. Height was taken using a stadiome-
ter (Shorr Productions, Olney, MD, USA) to the nearest 0.1 cm. Weight was measured
wearing minimal clothes to the nearest 0.01 kg with a scale (Tanita, 331S, Tokyo, Japan).
Body composition (FFM, fat mass, BMD) was assessed using Dual-Energy X-ray Absorp-
tiometry (DXA; GE Lunar Prodigy densitometer).
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2.2.3. Dual-Energy X-ray Absorptiometry (DXA)

DXA was used to measure segmental BMD of the lumbar spine (L1–L4) total left hip,
left femoral neck, and total body utilizing a GE Lunar Prodigy densitometer. Scoring of the
BMD was taken from the established Z-score, which is the subject’s BMD score compared
to the average scores of subjects who are the same age, sex, weight, and ethnic background.
Z-scores that fall between −1.0 and +1.0 are considered normal BMD. A score below a
−1.0 is described as a low BMD. A diagnosis of osteoporosis is applied when the z-score is
below −2.0 [5,34].

2.2.4. Resting Metabolic Rate (RMR)

RMR was measured using indirect calorimetry (Microlife MedGem; HealtheTech,
Golden, CO, USA) to quantify energy expenditure by each participant at rest. The MedGem
is a clinically validated measurement device that assesses RMR and has an interclass
reliability range of 0.91–0.97 (mean = 0.94) [36,37]. While other methods to assess RMR are
available, the MedGem is a quick, minimally invasive, and simple method.

2.2.5. Eating Disorder Inventory-3 (EDI-3)

The EDI-3 is a self-reported measure used in identifying patients with ED risk patterns
and consists of 91 items organized into 12 primary scales that include drive for thinness,
bulimia, body dissatisfaction, low self-esteem, personal alienation, interpersonal insecu-
rity, interpersonal alienation, interceptive deficits, emotional dysregulation, perfectionism,
asceticism, and maturity fears. From these primary scales, the EDI-3 yields six composite
scales, five general integrative psychological constructs (e.g., ineffectiveness, interper-
sonal problems, affective problems, over-control, and overall psychological maladjustment
composite) and one ED specific composite (eating disorders risk composite). Test–retest
reliability is high, with the ED risk coefficient at 0.98 and a median value of 0.95, and the
general psychological maladjustment coefficient at 0.97, with a median value of 0.93; the
current study reliability was 0.85.

Scoring of the EDI-3 utilizes a computer-based system that assesses outcomes for each
participant. The scoring system provides an individualized report with raw scores, T scores,
percentiles, and qualitative classifications, which include low clinical, typical clinical, and
elevated clinical for all scales [38]. Ranges for classifications are based on percentile ranges
for United States Adult Combined Clinical sample; low clinical ranges from the 1st to the
24th percentile, typical clinical ranges from the 25th to the 66th percentile, and elevated
clinical ranges from the 67th to the 99th percentile [38]. To account for response style, such
as irregular deviant or anomalous response patterns, to be considered at risk for ED using
the EDI-3 participants had to be identified as having at least 2 or more composite scores in
the “typical clinical” or “elevated clinical” classifications.

2.2.6. Eating Disorder Inventory-3 Symptom Checklist (EDI-3 SC)

The EDI-3 SC is an additional self-report screening tool to help identify patients with
ED risk patterns. This tool provides data regarding frequency of symptoms (i.e., binge
eating; self-induced vomiting; exercise patterns; use of laxatives, diet pills, and diuret-
ics) [39]. The tool range depends on whether participants report “yes” or “no” to engaging
in behaviors and ranges between 10 to 42 questions. If a “yes” is denoted, additional
follow-up questions related to frequency are answered. If a participant reports a “yes” to a
specific behavior but then reports not engaging in the behavior in the last 3 months, this
participant is not classified as at risk. To be considered at risk for ED on the EDI-3 SC,
participants must meet criteria for at least one pathogenic behavior.

2.2.7. Low Energy Availability (LEA) with or without an Eating Disorder (ED)

LEA was defined as EI–EEE relative to lean body mass in kilograms [8]. LEA was
assessed on normal training days (three practices) over a seven consecutive day period.
LEA was defined as <30 kcal/kg FFM. ED risk was defined if a participant reported an
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ED risk from the EDI-3 and/or the EDI-3 SC. LEA without an ED was defined as when
a participant presented with LEA but was not deemed at risk for an ED from the EDI-3
and/or the EDI-SC.

2.2.8. Energy Intake (EI)

EI was assessed from a 7-day diet log. Each participant was asked to document all
food and beverages including description of the type of food, meal type (e.g., breakfast,
lunch, dinner, snack), and the amount consumed for each of the 7 days. Participants logged
their intake into the food processing software FoodProdigy (ESHA food processor 8.0,
Salem, OR, USA), which provided breakdowns for total kilocalories (EI) and macronu-
trients consumption (e.g., carbohydrates, proteins, fats). Participants were provided this
information if requested after the completion of the study.

2.2.9. Exercise Energy Expenditure (EEE)

Three methods were used to determine EEE associated with cheerleading activities:
(1) Polar Ignite watches, (2) Polar H10 heart rate chest monitors, and (3) for the exercise
sessions where the participants were unable to wear the watch for the full duration of the
exercise bout, researchers observed and documented activities using the compendium of
physical activities by Ainsworth et al. [40] in order to determine the appropriate metabolic
equivalent (MET). After the conversion to MET values, those values were used to calculate
the energy expenditure by utilizing the Heyward [39] equation: EEE = duration (minutes)
× ((METs × 3.5 × weight (kg))/200).

2.2.10. Total Daily Energy Expenditure (TDEE)

Polar Ignite watches (Polar Electro Co., Woodbury, NY, USA) were worn continuously
throughout the study to monitor TDEE and EEE. The watch is a non-invasive method of
data capture that can be worn in all conditions (e.g., practice, lifting, swimming, showering).
Various brands of heart rate monitors, including POLAR brand, accurately assess heart rate
during rest and moderate activity (r > 0.90, SEE < 5 beats/min) [41,42].

2.2.11. Self-Reported Menstrual Cycle Assessment

The demographic survey and EDI-3 SC were used to document age of menarche,
frequency of cycles per year, frequency of missed cycles, history of disease, and use of birth
control. Primary amenorrhea was defined as an absence of a menarche cycle by age 15 [5].
Secondary amenorrhea was defined as a cessation of a cycle after the original onset. These
findings were determined based on answers from the EDI-3 questionnaires. To be classified
at risk for overall self-reported menstrual dysfunction, participants had to be identified at
risk for either primary amenorrhea alone, secondary amenorrhea alone, or a combination
of both.

2.2.12. Hormonal Menstrual Cycle Blood Assessment

Blood was collected following an overnight fast of at least 7 h. Participants were
asked to sit comfortably while the sample was collected via venipuncture in the arm with
a 21-gauge BD vacutainer needle and serum tube. All blood samples were allowed to
clot at room temperature for 30 min followed by centrifuging for 15 min at 4 ◦C. Serum
was aliquoted into 2-mL microtubes and stored at −80 ◦C until analysis. All serum
samples were assayed for estradiol and analysis was completed by Bio Reference Lab-
oratories (Elmwood Park, NJ). Bio Reference Laboratories utilize cut off points for the
various menstrual cycle phases, which include follicular phase = 6.20–315.00 (pg/mL),
ovulation phase = 28.60–525.00 (pg/mL), luteal phase = 7.69–752.00 (pg/mL), and
postmenopausal ≤ 5.00–51.60 (pg/mL). For this study, participants were considered below
the menstruating range if their serum sample was <5.00 (pg/mL).
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2.3. Procedures

Approval for the study was obtained from the institutional review board, and all
participants provided written consent prior to the study measures. After approval from the
institutional review board, the research team members attended competitive cheerleading
practices during February and March of 2021 on the campus of a Southeastern Conference
university to share details and recruit participants for the study. It was during this time that
the team was preparing for the national competition that would take place in April 2021.
Cheerleaders who were interested in participating provided the research team with their
contact information. During an informational meeting, participants provided consent then
underwent laboratory testing to include anthropometric measurements, RMR, DXA scans,
and all surveys. If the participant was fasted at that time, the blood sample was taken.
If not fasted, blood was collected during the normal data collection week when a fasted
sample could be obtained. Participants were provided written and verbal overviews of all
study procedures, which included instructions on food and exercise logs and watch usage.
Self-reported EI (foods and fluids) and planned and intentional exercise began the morning
following the informational meeting and continued for seven consecutive days, which
included three college competitive cheerleading practices. During the three practice days,
EEE was calculated and used in conjunction with EI values to determine EA. Adherence to
normal exercise and sport related activities (e.g., college cheerleading practices), as well
as food and fluid intake were emphasized throughout the duration of the study. At the
conclusion of the seven days, all research equipment was returned, and all logs were sent
to the research team.

2.4. Statistical Analysis

Data were collected and input into SPSS statistical software (SPSS Inc., Version 27,
Armonk, NY, USA) for all analyses. Alpha level was set at p < 0.05. Using G*Power
Statistical software [43] for Chi-square analysis with a large effect size (0.7), the power
calculation indicated a sample size of 17 participants was needed with estimated power
being 0.80. Means and standard deviations were used for all demographic information and
RMR, TDEE, EEE, and EA. Frequencies and proportions were calculated for EA risk, ED
risk, and pathogenic behaviors. Chi-square analysis was used to determine the difference
between cheerleaders who experience LEA with or without ED risk.

3. Results
3.1. Participant Characteristics

Twenty-one participants began the study, with two dropping out due to inability to
complete all components of the study, yielding a total of 19 participants. Statistical power
for chi square analysis was achieved when utilizing self-report data to categorize menstrual
dysfunction. However, when using more reliable hormonal assessments for menstrual
dysfunction, power was not achieved due to only 14 of the participants being able and
willing to provide a blood sample. There were four instances where EEE values were not
captured by the watches and the MET estimation was used to determine EA.

The distribution of ethnicity for all participants was 63.2% (n = 12) Caucasian, 15.8%
(n = 3) African American, 10.5% (n = 2) Hispanic American, and 10.5% (n = 2) Multiethnic.
Academic status was 10.5% (n = 2) freshman, 42.1% (n = 8) sophomore, 10.5% (n = 2)
junior, and 36.8% (n = 7) senior. Cheerleaders identified their primary cheer position as
flyer (31.6%, n = 6), base (47.4%, n = 9), and back spot (21.1%, n = 4). Additional physical
measures are presented in Table 1.
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Table 1. Self-reported and measured physical measurements for cheerleaders (n = 19).

Anthropoemtric Measurement
All (n = 19)

Mean SD

Height
Measured Height (cm) 160.70 7.77

Weight
Measured Weight (kg) 58.67 7.75
Highest Weight (kg) 62.12 8.50
Lowest Weight (kg) 54.67 6.67

Mental Weight (kg) * 60.95 11.15
Ideal Weight (kg) 56.38 6.26

Self-Reported Weight-Ideal Weight (kg) −5.75 4.67
Mental Weight—Ideal Weight (kg) 4.57 7.14

Self-Reported—Weight-Mental Weight (kg) 39.02 22.11
Measured Weight-Mental Weight (kg) −2.27 5.03

BMI
Measured BMI (kg/m2) 22.62 1.96

Body Fat Percent
DXA Body Fat (%) 26.11 4.19

* Mental Weight: Perceived weight if one did not consciously try to control weight.

3.2. Energy Needs Assessment and Low Energy Availability

The energy needs assessments (i.e., RMR, EI, EEE, EA) are presented in Table 2
and are as follows: RMR (1263.7 ± 147.6 kcals;), EI (1384.7 ± 391.8 kcals;), and EEE
(746.0 ± 218.6 kcals;). The average EA for all 19 participants was 12.48 ± 8.01 kcals/kg
FFM/day: with 100% (n = 19) being identified as being at a level of LEA.

Table 2. Energy need assessments, low energy availability risk, and bone mineral density scores for
cheerleaders (n = 19).

Energy Needs Assessment Mean SD

Resting Metabolic Rate (kcals) 1263.68 147.58
Energy Intake (kcals)* 1384.7 391.80

Total Daily Energy Expenditure (kcals) 2467.60 426.95
Energy Balance (kcals) −1043.14 580.59

Exercise Energy Expenditure (kcals) * 746.04 218.64
Energy Availability (kcals/kgFFM/day) * 12.48 8.01

Macronutrients
Carbohydrates (g) 153.00 44.49

Carbohydrates (g/kg of body weight) 2.64 0.80
Proteins (g) 60.83 16.80

Proteins (g/kg of body weight 1.03 0.25
Fats (g) 57.82 19.81

Bone Mineral Density
Total Z-score 1.7 0.74

Total Score (g/cm2) 1.2 0.11
Legs (g/cm2) 1.1 0.12
Spine (g/cm2) 1.1 0.13
Pelvis (g/cm2) 1.2 0.09

L1 vertebra (g/cm2) 1.3 0.15
L2 vertebra (g/cm2) 1.4 0.18
L3 vertebra (g/cm2) 1.4 0.15
L4 vertebra (g/cm2) 1.4 0.17

Left femoral neck (g/cm2) 1.1 0.11
Note: * Means and standard deviations are reflective of values calculated based on days where cheerleading
practice was completed.
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3.3. Eating Disorder Risk and Pathogenic Behaviors

There were no cheerleaders who demonstrated ED risk by only the EDI-3; however,
42.1% (n = 8) were at risk according to the EDI-3 SC only, while 10.5% (n = 2) were at
risk for ED according to both the EDI-3 and the EDI-3 SC. Further examination of the
EDI-3 SC demonstrated 21.1% (n = 4) of cheerleaders reported engaging in 2 behaviors and
31.6% (n = 6) reported engaging in at least 1 behavior. Restricting was the most common
behavior with 52.6% (n = 10) of cheerleaders self-identifying that they had engaged in
restricting. Other behaviors that were reported included self-induced vomiting or purg-
ing (5.3%, n = 1), use of laxatives (10.5%, n = 2), and use of diet pills to control weight
(5.3%, n = 1). Cheerleaders reported using planned and intentional exercise aside from
cheerleading practice to maintain their weight, with 36.8% (n = 7) reporting they exercised
to lose weight 25%-50% of the time. Pathogenic behaviors and percentage of time exercise
used to control weight can be found in Table 3. Primary scales and composite scores for the
EDI-3 are presented in Table 4.

Table 3. Eating disorder characteristics among competitive cheerleaders (n = 19). Mean and standard
deviation (SD) scores taken from the EDI-3 survey.

Classification

Raw Score Low Clinical Typical Clinical Elevated Clinical
Mean SD N % N % N %

Eating Disorders Risk Scale
Drive for Thinness 5.94 6.67 17 89.5 2 10.5 0 0

Bulimia 1.05 1.43 18 94.7 1 5.3 0 0
Body Dissatisfaction 10.36 8.22 17 89.5 2 10.5 0 0

Eating Disorder Risk Composite 97.47 17.75 19 100.0 0 0 0 0
Psychological Scale

Low Self-Esteem 2.36 2.89 17 89.5 2 10.5 0 0
Personal Alienation 3.52 2.83 18 94.7 2 10.5 0 0

Interpersonal Insecurity 6.89 3.87 8 42.1 11 57.9 0 0
Interpersonal Alienation 4.78 4.32 15 78.9 3 15.8 1 5.3

Interceptive Deficits 5.21 6.81 17 89.5 1 5.3 1 5.3
Emotional Dysregulation 3.26 4.05 13 68.4 5 26.3 1 5.3

Perfectionism 12.52 5.91 8 42.1 6 31.6 5 26.3
Asceticism 3.42 3.22 17 89.5 2 10.5 0 0

Maturity Fears 8.31 4.33 7 36.8 8 42.1 4 21.1
Composite

Ineffectiveness Composite 66.10 8.15 18 94.7 1 5.3 0 0
Interpersonal Problems Composite 82.21 12.40 14 73.7 4 21.1 1 5.3

Affective Problems Composite 76.89 15.25 17 89.5 1 5.3 1 5.3
Over control Composite 81.52 14.72 14 73.7 4 21.1 1 5.3

General Psychological Maladjustment 353.05 44.76 17 89.5 2 10.5 0 0

3.4. Low Energy Availability with or without an Eating Disorder

Our study identified 52.6% (n = 10) of cheerleaders demonstrated LEA with an ED
risk while 47.4% (n = 9) were at a level of LEA without an ED risk.

3.5. Menstrual Cycle Dysfunction

Overall, 52% (n = 10/19) of cheerleaders self-reported menstrual dysfunction in some
capacity; 21.1% (n = 4/19) self-reported having experienced primary amenorrhea, and
52.6% (n = 10/19) self-reported secondary amenorrhea. Hormonal menstrual cycle as-
sessment revealed 14.2% (n = 2/14) demonstrated below the 5.00 (pg/mL) threshold
levels for estradiol indicating hormonal menstrual dysfunction. Cheerleaders reported
63.2% (n = 12/19) were currently taking a birth control method at the time of the study.
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Table 4. Frequency (n) and percent (%) of pathogenic behaviors from the EDI-3 Symptom Checklist
among cheerleaders (n = 19).

All Data
N %

Eating Behaviors ?
Dieting 10 52.6

Binge Eating 0 0.0
Purging * 1 5.3
Laxatives 2 10.5
Diet Pills 1 5.3
Diuretics 0 0

Exercise to Control Weight
0% of time 2 10.5

<25% of time 8 42.1
25–50% of time 7 36.8

More than 50% of time 1 5.3
100% of time 1 5.3

* Note Purging: self induced vomiting to control weight.

3.6. Bone Mineral Density

BMD values for total body, spine, legs, pelvis, segmental lumbar levels, total left femur,
and left femoral neck are presented in Table 2. No participants were identified as having a
z-score that would place them at risk for low BMD.

3.7. Triad Components

Overall, 47.7% (n = 9) of cheerleaders demonstrated one component of the Triad,
while 52.6% (n = 10) demonstrated two components of the Triad when using self-reported
menstrual data, and 10.5% (n = 2) demonstrated two components of the Triad when using
the hormonal assessment data. No participants were identified as suffering from low BMD;
therefore, the two components that were identified in our sample were LEA with or without
an ED risk and menstrual dysfunction. Triad component frequencies and proportions are
presented in Table 5.

Table 5. Triad assessments with breakdown of spectrum components (energy availability, menstrual
disturbance, and bone mineral density scores) for cheerleaders (n = 19).

Female Athlete Triad Risk At Risk % (N)

1 component 47.4% (9)
2 components using self-report measures 52.6% (10)

2 components using hormonal assessment 10.5% (2)
Triad Risk Type At Risk % (N)

LEA with ED Risk 52.6% (10)
Self-Reported Menstrual Dysfunction 52.6% (10)

Self-Reported Primary Menstrual Dysfunction 21.1% (4)
Self-Reported Secondary Menstrual Dysfunction 52.3% (10)

Hormonal Menstrual Dysfunction 14.2% (2)
Low Bone Mineral Density 0% (0)

LEA with Menstrual Dysfunction 52.6% (10)

EDI-SC Behavior Risk (e.g., binging, purging, dieting,
laxatives, diet pills, etc.) At Risk % (N)

Zero Behaviors 47.4 (9)
1 Behavior 31.6 (6)
2 Behaviors 21.1 (4)

Note: LEA for the week was calculated by taking the average of the 3 days of EA on practice days; (LEA) Low
energy availability.



Int. J. Environ. Res. Public Health 2022, 19, 1375 10 of 18

4. Discussion

Competitive cheerleading is comparable in athletic demand to sports such as ballet,
swimming, diving, figure skating, and gymnastics [3,4] Additionally, cheerleaders are at
risk of suffering from components of the Triad due to the emphasis on physical appearance,
lean body shape, low body weight, and also on elite athletic ability [1,2]. The purpose of this
study was to examine individual and combined Triad components of LEA with or without
an ED risk, menstrual dysfunction, and low BMD within competitive college cheerleaders.
Our findings suggest competitive cheerleaders are at risk for Triad components, specifically
LEA with or without ED and menstrual dysfunction.

4.1. Low Energy Availability

Overall, LEA was the most prevalent Triad component for cheerleaders, with 100% of
the sample demonstrating below 30 kcal/kg FFM/day. LEA has been identified as being
the most prevalent component of the Triad in other physically active populations and is
the underlying cause for the physiological changes to both the reproductive system and
bone, as well as declines in sport performance [5–7,34,44]. When compared to other athletic
groups, our study had higher prevalence of LEA than gymnasts (44.8%), soccer players
(33.3%), ballet dancers (22%) and volleyball players (20%) [45–48]. Similar results were
found within synchronized swimmers, where 100% were also found to be at a level of LEA
over the course of a 4-week study [49].

This is the first study to examine LEA within a sample of competitive cheerleaders,
and the high rates of LEA within the sample may be a result of multiple factors. The Triad
Coalition outlines four distinct pathways for LEA: disordered eating behaviors, a clinical
ED, intentional weight loss without a clinical ED, or inadvertent undereating due to a
lack of knowledge of caloric need for activity [7,50]. Athletes in general have 2–3 times
higher risk for suffering an ED in sports that have weight classifications, aesthetic ideals, or
require athletes to wear tight or revealing clothing. Those that deem a smaller body shape
advantageous for the sport have been noted for even higher risk [26,32,51,52]. Competitive
cheerleading is a highly aesthetic sport that is judged in a subjective manner and often has
athletes wear revealing uniforms; therefore, it is reasonable that the cheerleaders may suffer
from disordered eating or clinical EDs that could lead to LEA. LEA caused by intentional
weight loss without an ED within this sample may be due to the period of data collection.
This study was completed during the point in the season where the participants were
preparing for the National competition for which they wanted to look their best. This factor
may have led participants to engage in intentional weight loss but may not reflect their
behaviors at other times in the season.

LEA caused by inadvertent undereating is a possible explanation within this sample.
As stated previously, there has been no research to date to understand the energy needs
for competitive cheerleading. Most cheerleaders and coaches may be uneducated on how
to properly fuel for the sport’s demands. Further, our participants did not have access to
registered dietitians or nutritionists who could educate team members on proper fueling,
timing of meals, and weight management. Due to the high percentage of cheerleaders
with LEA, having access to these resources would be highly beneficial. Athletes who are
provided opportunities to increase their nutritional knowledge are more likely to consume
high quality diets, including fruits, vegetables, and energy-providing carbohydrate-rich
foods, which could help increase overall levels of EA [53–55].

4.2. LEA with or without an Eating Disorder Risk

More than half of our cheerleaders demonstrated LEA with an ED risk, whereas 47.2%
revealed LEA without an ED risk. Overall prevalence of ED risk varies when examining
athletes compared to non-athletic controls, with 18–20% of athletes and 5–9% non-athletes
demonstrating ED behaviors [56,57]. This difference has become greater over the last
decade with athletic population ED prevalence increasing approximately 10% [57–61].
When compared to other aesthetic sports, our findings are similar to results of literature
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focused on modern dancers (45%) [62] and equestrian athletes (42%) [52]. Band artists
and cheerleaders are comparable due to both activities being involved in college athletics
but often not receiving healthcare oversight or research focus [58]. The ED risk in these
often-understudied populations was 70.7% for band artists [58] and 29.7% for auxiliary
units (color guard, dance members, and majorettes) [63]. However, these studies utilized a
different method for ED risk identification (i.e., the EDI-3 vs. the Eating Attitudes Test-26).
When compared to previous cheerleading literature, 33% of cheerleaders were identified as
being at risk for EDs [32], and our findings demonstrated a higher prevalence of ED risk.
This increase from the 2012 study [32] may be explained by the increased athletic demands,
media coverage, and overall athleticism of the sport.

In the current study, the EDI-3 and EDI-3 SC were used to assess ED risk along with
other comorbid psychological factors. When using these tools in combination, the authors
were able to examine traditional psychological constructs such as dieting, bulimia, and
body image dissatisfaction, comorbid constructs such as self-esteem, maturity fears, and
interpersonal alienation, while also examining pathogenic behaviors such as vomiting,
use of diet pills, and over exercising [43]. Cheerleaders within the current study did not
report the traditional ED risks; however, over 20% of the current participants reported in
the “typical clinical” or “elevated clinical” category in four psychological scales, which
included interpersonal insecurity, emotional dysregulation, perfectionism, and maturity
fears, and two composite scales of interpersonal problems and over control.

The interpersonal insecurity scales assess discomfort and apprehension in silent situa-
tions, expressing personal feelings to others, the tendency to isolate, and a level of worry
about rejection and hurt that is caused by a lack of support, trust, or protection [39]. For
this specific sample of cheerleaders, the high proportion of risk from this scale may be
attributed to multiple factors. The first may be due to the fact the cheerleaders are meant
to engage with and encourage people to show school spirit in loud areas where there is
little silence, which may lead these individuals to shy away from these quiet situations. A
second explanation may be due to this study taking place during the COVID-19 pandemic,
where periods of isolation were at an all-time high. The participants within this study all
experienced a non-traditional academic year that led to a period where cheerleading prac-
tices were canceled prior to the study beginning. An additional factor may be attributed
to a feeling of lack of support from the athletic administration stemming from the lack
of cheerleading specific practice space and resources such as strength and conditioning
coaches and registered dieticians.

The emotional dysregulation scale assesses mood instability, impulsivity, recklessness,
anger, and self-destructiveness with the use of alcohol and drugs [35]. The high proportion
of at-risk classifications could be explained from the sample, in which they were all current
college cheerleaders. The maturation that occurs within the college years allows for individ-
uals to reach the legal drinking age, which may increase the impulsive actions and increase
the frequency of drinking. The perfectionism scale assesses the extent to which a person
places a premium on achieving high goals with the highest possible standards for personal
achievement [35]. Due to the subjective nature of the sport of cheerleading, where judges
score teams based on how in sync each member is, there is a high level of perfectionism
attributed to the sport. The goal within competitive cheerleading is to perform the routine
perfectly with no judge’s deductions. These perfectionist traits are often seen as a motivator
for cheerleaders and are used to enhance performance. However, these traits can quickly
become unhealthy and have been documented in those who are at risk for EDs [64]. As
cheerleaders strive to be perfect, there can be an increase in overall stress and anxiety,
which may also exacerbate ED behaviors. Cheerleaders within this study may also have
high perfectionism scores due to the feelings of always having to be perfect at practices.
The participants within this study are all competing with over fifty other teammates for a
limited number of spots at the end of year National competition.

The maturity fears scale assesses the desire to return to the security of childhood and
is motivated by fears of psychosexual maturity [35]. Competitive cheerleading requires
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sport-specific training that begins at an early age. This specialized training allows for
cheerleaders to be at an extremely elite skill level by the time they reach the college setting.
Most of the participants within the current study were previously on competitive all-star
or club cheerleading teams that were successful. Many participants were on teams who
won the Cheerleading Worlds competition, which is thought to be the pinnacle event for
the sport. With this success during their younger years, the high maturity fears may be
explained by internal feeling of wanting to return to that previous time of cheerleading
success. This desire to return to a young age may also impact wanting to be of a smaller
body size, which can increase feelings of body image dissatisfaction and has been linked as
a risk factor for ED in cheerleaders [33].

4.3. Pathogenic Behaviors

Our findings displayed competitive cheerleaders engaged in pathogenic behaviors,
which included restricting, vomiting, or purging, use of laxatives, use of diet pills, and
the overuse of exercise. These behaviors are commonly seen within college and elite
athletes [51,60,65,66]. The current study findings demonstrate that cheerleaders present
with higher rates than college athletes for dieting (52.6% vs. 15.6%) and laxative use (10.5%
vs. 1.5%), similar rates for purging (5.3% vs. 2.9%), but lower rates for binge eating (0%
vs. 18.6) [57]. When further examining uncommon populations within the literature, these
pathogenic behaviors were also present among female body builders [67], band artists [58],
and color guard members and majorettes [63]. In collegiate cheerleaders, lower rates were
found for binge eating (0% vs. 11.8%), vomiting (5.3% vs. 9.6%), and use of laxatives (10.5%
vs. 19.9%) when comparing the current study with previous cheer literature. Higher rates
for use of exercise were found with 89.5% reporting using exercise to control weight ≥25%
of time vs. 1.5% previously [32]. In the current study, cheerleaders did not have access
to any formal strength and conditioning coaches or fitness instruction. This factor may
indicate why the sample had high rates of utilization of exercise to control weight. With
the increase in overall athletic ability in the sport of cheerleading, females may feel added
pressure to stay fit to make college competitive cheer teams.

While none of our participants reported ED risk solely from the EDI-3, there were
a large number that did indicate risk from either the EDI-3 SC alone or a combination
of the EDI-3 and the EDI-3 SC. Some cheerleaders were at risk for LEA with an ED risk
based off their risk for pathogenic behaviors. Pathogenic behaviors as well as the high
classifications from psychological constructs (interpersonal insecurity, emotional dysregu-
lation, perfectionism, and maturity fears) can lead to full ED behaviors over time. These
findings present a unique opportunity to implement nutrition education, which can lead to
a decrease in pathogenic behavior incidence [68]. Educational resources should be created
for competitive college cheerleaders and coaches, which include fueling recommendations,
information on ED traits (e.g., intense fear of gaining weight, distorted body image, and
obsessive traits related to food intake), and resources available if there is a problem. Re-
sources and information should be provided by a sports dietitian and/or health and safety
personnel such as an athletic trainer or team physician/medical doctor [43].

4.4. Energy Needs Assessment

Overall EI in cheerleaders was 1384 ± 391.80 kcals, which is comparable to other col-
lege sports such as equestrian riders (1105± 164.2 kcals), softball players (1338.3 ± 313.5 kcals),
and beach volleyball players (1281.2 ± 106.8 kcals), however this was lower than traditional
volleyball (1785.6 ± 460.1 kcal) and women’s soccer (3214.3 ± 818.4 kcals) [43]. In compari-
son to aesthetic sports who are judged subjectively, cheerleaders’ EI was similar to college
ballet dancers (1473.9 ± 312.5 kcals) [43], professional ballet dancers (1577 ± 89 kcals) [69],
and gymnasts (1802 ± 289 kcals) [45].

When reviewing EEE, cheerleaders were measured to be at an average of 746 ± 218.64 kcals,
which appears lower compared to other sports, specifically, soccer (1187.2 ± 39.7 kcals),
volleyball (838.2 ± 77.6 kcals), and softball (811.2 ± 130.5 kcals) [43]. However, these other
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sports participate in practice 5–6 days per week where cheerleaders only practiced a total
of 3 days (seven hours). If cheerleaders participated in additional practices, it is likely that
the EEE would be higher than the previously reported averages for other sports. When
considering RMR and EI, the values were similar, which demonstrates that they were
consuming just enough energy to perform metabolic functions.

4.5. Menstrual Cycle Dysfunction

In the current study, more than half the participants were at risk for self-reported
menstrual dysfunction, while only 14.2% were determined to exhibit hormonal menstrual
dysfunction. Prevalence rates of menstrual dysfunction in athletic populations has been
documented to range from 1–61% [70–75]. However, these studies only include clinical
presentations or readily apparent menstrual dysfunctions. With the update to the Triad
in 2007, there is a new focus on the subclinical conditions related to menstrual health that
occur as an individual suffers from LEA [5]. Hormonal assay detection is the only accurate
method to determine subclinical changes, due to dysfunction taking long periods of time
to become notable by the individual. The literature has shown that within five [76] days of
being at a level of EA ≤ 30 kcal/kg/FFM/day, there are subclinical changes that cause the
pituitary gland to limit the amount of LH that is secreted [77]. Individuals who suffer from
LH deficiency may be at further risk for infertility [5].

When examining the specific types of amenorrhea, our study identified 21.1% of
cheerleaders self-reported primary amenorrhea, which is comparable to the 22% prevalence
rate in a previous study including cheerleaders, gymnasts, and divers [78]. Secondary
amenorrhea is widely more common and varies drastically with respect to sport type, age,
training volume, and overall body weight of the individual [5]. Within the current study,
52.6% of cheerleaders presented with self-reported secondary amenorrhea, slightly lower
than previous rates for dancers (69%) [79] and long distance runners (65%) [80] but higher
than the general population (2–5%) [76,77,81].

With such a large majority of cheerleaders presenting with self-reported menstrual
dysfunction and the long-term consequences associated with being amenorrheic, there is a
need for education and intervention within this population. Educational efforts should be
made to increase the awareness of the subclinical changes that occur within a female who
is suffering from LEA and the potential life-long consequences. Recommendations should
include proper fueling techniques to improve EA. Research has shown that an increase in
overall EA from 20 to 30 kcal/kg/FFM/day restored amenorrheic athletes back to a normal
menses [82].

4.6. Low Bone Mineral Density

Compared to other collegiate athletes, where 9.8% were classified as suffering from
osteopenia and 1.8% were classified as osteoporotic [78], there were no cheerleaders who
presented with low BMD. The BMD of an athlete is a direct reflection of an individual’s
comprehensive history of EA and menstrual dysfunction coupled with their personal
genetics and nutritional, behavioral, and environmental factors. These interrelated factors
make it increasingly important to not only consider where the athlete is at currently within
the BMD health continuum but also thinking about where they could be headed in the
future [5]. Evidence suggests BMD decreases with each consecutive missed menstrual cycle
and decreases may be irreversible [83–86]. Thus, there should be concern for future effects
on BMD among our population considering the large percentage of our participants at risk
for menstrual dysfunction.

There is a need for the collegiate cheerleading population, both athletes and coaches,
to be informed about the importance of bone health with respect to the Triad and its
components. Due to the increased athletic demands associated with the sport coupled
with the potential BMD deficits due to the menstrual irregularities, there is a heightened
risk for injuries, specifically stress fractures. There is a wealth of literature that indicates
that stress fractures occur at a higher rate in physically active women with menstrual
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irregularities [87–93]. Additionally, there is a 2–4 times greater risk for amenorrheic ath-
letes compared to eumenorrheic athletes of suffering a stress fracture during athletic
participation [87].

4.7. Triad Components

There has been minimal research examining the prevalence of all three Triad com-
ponents in any athletic or non-athletic population [25,26,78,94,95]. Of the few studies
that did present all three components, the prevalence rates were low, ranging from
0–16% [25,26,94,95]. This is consistent with our findings of zero competitive cheerleaders
presenting with all three Triad components.

4.8. Limitations and Future Research

Our study demonstrated a risk of Triad components, singularly as well as in combi-
nation, in competitive cheerleaders; however, some limitations should be appreciated. A
large portion of the instruments used in this study are self-reported (EDI-3, EDI-3 SC, food
and exercise logs, and menstrual history); therefore, we assume all participants responded
accurately and truthfully. The instruments used to determine ED risk specifically serve
only as an assessment of risk, rather than a clinical diagnostic tool. The gold standard for
ED diagnosis includes an in-person interview by a mental health professional, which was
not conducted in the current study. Second, we only used estimations and did not use the
gold standard of doubly labeled water to assess exercise energy expenditure.

Additionally, our study included participants from only one college institution in the
southeast United States. Competitive cheerleading spans the entire United States, as well
as the world, and includes college-aged participants as well as adolescents. Therefore, the
results of the current study cannot be generalized to the entire competitive cheerleading
population. Future research should look to examine the Triad components within a larger
sample that includes both college and adolescent ages and examine components within
the male cheerleading population. It is also recommended that future research looks to
compare prevalence and risks between college and adolescent cheerleaders.

A final limitation was the small sample size in which hormonal assessment for men-
strual dysfunction was completed. The study was only able to collect blood samples from
14 participants, which did not meet power for the study and generalizations should be
made with caution. Future studies should rely on blood assays rather than self-report
measures for menstrual health due to the risk of oral contraceptives masking subclinical
changes related to menstrual function.

5. Conclusions

This study provides the first look into the sport of competitive cheerleading and
the Triad components. Overall, our study revealed that most competitive cheerleaders
are at risk for LEA with a risk for ED and menstrual dysfunction but not for low BMD.
These results provide important health-related information to athletes, coaches, school
administrators, and competition organizers on the existence of the Triad components
within this population. The rates we found between LEA with or without an ED or
menstrual dysfunction support the need for increased education, oversight, and resources
for cheerleaders. Appropriate evaluation of all three components should also be completed
when an athlete is thought to be at risk or is diagnosed with any one component. Increased
education and awareness to all three Triad components, LEA with or without and ED,
menstrual dysfunction, and low BMD, needs to be implemented. The authors suggest that
energy intake and proper fueling techniques should be the first focus due to the impact
that overall EA has on the other components of the Triad.

Author Contributions: Conceptualization, A.B.S. and T.M.T.-M.; Methodology, A.B.S., J.L.G., D.M.E.,
S.M.A., M.A.S. and T.M.T.-M.; formal analysis, A.B.S., J.L.G. and T.M.T.-M.; investigation, A.B.S.;
resources, A.B.S., J.L.G., D.M.E., S.M.A., M.A.S. and T.M.T.-M.; data curation, A.B.S.; writing—original
draft preparation, A.B.S., J.L.G., D.M.E., S.M.A., M.A.S., D.M.E. and T.M.T.-M.; writing—review and



Int. J. Environ. Res. Public Health 2022, 19, 1375 15 of 18

editing, A.B.S., J.L.G., D.M.E., S.M.A., M.A.S., D.M.E. and T.M.T.-M.; visualization, A.B.S., J.L.G. and
T.M.T.-M.; supervision, A.B.S.; project administration, A.B.S.; funding acquisition, A.B.S. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by a SPARC Graduate Research Grant from the Office of the Vice
President for Research at the University of South Carolina grant number 115300-20-52852.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of the
University of South Carolina (protocol code Pro00092337, 1/29/2020) of approval).

Informed Consent Statement: Any Informed consent was obtained from all subjects involved in
the study.

Acknowledgments: The authors would like to thank Karen Lew Feirman and Anda Udris for their
instrumental help in obtaining data collection sites and access to participants.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Peebles, R.; Bell, K.; Carlson, J.; Wilson, J.; Allison, K.; Lock, J.; Jacobson, M.; Hardy, K.; Bachrach, L. Competitive Sports, Eating

Behaviors, and Menstrual Health in Female College Athletes. J. Adolesc. Health 2009, 44, S19–S20. [CrossRef]
2. Thompson, S.H.; Digsby, S. A Preliminary Survey of Dieting, Body Dissatisfaction, and Eating Problems Among High School

Cheerleaders. J. Sch. Health 2004, 74, 85–90. [CrossRef] [PubMed]
3. Smolak, L.; Murnen, S.K.; Ruble, A.E. Female athletes and eating problems: A meta-analysis. Int. J. Eat. Disord. 2000, 27, 371–380.

[CrossRef]
4. Coelho, G.; Soares, E.D.A.; Gomes, A.I.D.S.; Ribeiro, B.G. Prevention of eating disorders in female athletes. Open Access J. Sports

Med. 2014, 5, 105–113. [CrossRef] [PubMed]
5. STAND, P. The female athlete triad. Med. Sci. Sports Exerc. 2007, 39, 1867–1882.
6. Mountjoy, M.; Sundgot-Borgen, J.; Burke, L.M.; Carter, S.; Constantini, N.; Lebrun, C.; Meyer, N.; Sherman, R.; Steffen, K.;

Budgett, R.; et al. The IOC consensus statement: Beyond the Female Athlete Triad—Relative Energy Deficiency in Sport (RED-S).
Br. J. Sports Med. 2014, 48, 491–497. [CrossRef]

7. De Souza, M.J.; Nattiv, A.; Joy, E.; Misra, M.; Williams, N.I.; Mallinson, R.J.; Gibbs, J.; Olmsted, M.; Goolsby, M.; Matheson, G.; et al.
2014 Female Athlete Triad Coalition Consensus Statement on Treatment and Return to Play of the Female Athlete Triad: 1st
International Conference held in San Francisco, California, May 2012 and 2nd International Conference held in Indianapolis,
Indiana, May 2013. Br. J. Sports Med. 2014, 48, 289. [CrossRef]

8. Loucks, A.B.; Kiens, B.; Wright, H.H. Energy availability in athletes. J. Sports Sci. 2011, 29 (Suppl. 1), S7–S15. [CrossRef]
9. Mountjoy, M.; Sundgot-Borgen, J.; Burke, L.M.; Ackerman, K.E.; Blauwet, C.; Constantini, N.; Lebrun, C.; Lundy, B.; Melin, A.;

Meyer, N.; et al. International Olympic Committee (IOC) Consensus Statement on Relative Energy Deficiency in Sport (RED-S):
2018 Update. Int. J. Sport Nutr. Exerc. Metab. 2018, 28, 316–331. [CrossRef]

10. Logue, D.; Madigan, S.M.; Delahunt, E.; Heinen, M.; McDonnell, S.J.; Corish, C.A. Low Energy Availability in Athletes: A Review
of Prevalence, Dietary Patterns, Physiological Health, and Sports Performance. Sports Med. 2018, 48, 73–96. [CrossRef]

11. Wade, G.N.; Schneider, J.E.; Li, H.Y. Control of fertility by metabolic cues. Am. J. Physiol. Metab. 1996, 270, E1–E19. [CrossRef]
[PubMed]

12. Heaney, S.; O’Connor, H.; Gifford, J.; Naughton, G. Comparison of strategies for assessing nutritional adequacy in elite female
athletes’ dietary intake. Int. J. Sport Nutr. Exerc. Metab. 2010, 20, 245–256. [CrossRef] [PubMed]

13. Sundgot-Borgen, J. Nutrient Intake of Female Elite Athletes Suffering from Eating Disorders. Int. J. Sport Nutr. 1993, 3, 431–442.
[CrossRef] [PubMed]

14. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; American Psychiatric Publishing:
Washington, DC, USA, 2014.

15. Zerwas, S.; Von Holle, A.; Watson, H.; Gottfredson, N.; Bulik, C. Childhood anxiety trajectories and adolescent disordered eating:
Findings from the NICHD Study of Early Child Care and Youth Development. Int. J. Eat. Disord. 2014, 47, 784–792. [CrossRef]

16. Thompson, S.H.; Rafiroiu, A.C.; Sargent, R.G. Examining gender, racial, and age differences in weight concern among third, fifth,
eighth, and eleventh graders. Eat. Behav. 2003, 3, 307–323. [CrossRef]

17. Practice Committee of the American Society for Reproductive Medicine. Current evaluation of amenorrhea. Fertil. Steril. 2008, 90
(Suppl. 5), S219–S225. [CrossRef]

18. Loucks, A.B.; Mortola, J.F.; Girton, L.; Yen, S.S.C. Alterations in the Hypothalamic-Pituitary-Ovarian and the Hypothalamic-
Pituitary-Adrenal Axes in Athletic Women*. J. Clin. Endocrinol. Metab. 1989, 68, 402–411. [CrossRef]

19. NIH Consensus Development Panel on Osteoporosis Prevention, Diagnosis, and Therapy. Osteoporosis prevention, diagnosis,
and therapy. NIH Consens. Statement 2000, 17, 1–45.

http://doi.org/10.1016/j.jadohealth.2008.10.046
http://doi.org/10.1111/j.1746-1561.2004.tb04209.x
http://www.ncbi.nlm.nih.gov/pubmed/15137267
http://doi.org/10.1002/(SICI)1098-108X(200005)27:4&lt;371::AID-EAT1&gt;3.0.CO;2-Y
http://doi.org/10.2147/OAJSM.S36528
http://www.ncbi.nlm.nih.gov/pubmed/24891817
http://doi.org/10.1136/bjsports-2014-093502
http://doi.org/10.1136/bjsports-2013-093218
http://doi.org/10.1080/02640414.2011.588958
http://doi.org/10.1123/ijsnem.2018-0136
http://doi.org/10.1007/s40279-017-0790-3
http://doi.org/10.1152/ajpendo.1996.270.1.E1
http://www.ncbi.nlm.nih.gov/pubmed/8772468
http://doi.org/10.1123/ijsnem.20.3.245
http://www.ncbi.nlm.nih.gov/pubmed/20601742
http://doi.org/10.1123/ijsn.3.4.431
http://www.ncbi.nlm.nih.gov/pubmed/8305916
http://doi.org/10.1002/eat.22318
http://doi.org/10.1016/S1471-0153(02)00093-4
http://doi.org/10.1016/j.fertnstert.2008.08.038
http://doi.org/10.1210/jcem-68-2-402


Int. J. Environ. Res. Public Health 2022, 19, 1375 16 of 18

20. Fehling, P.; Alekel, L.; Clasey, J.; Rector, A.; Stillman, R. A comparison of bone mineral densities among female athletes in impact
loading and active loading sports. Bone 1995, 17, 205–210. [CrossRef]

21. Risser, W.L.; Lee, E.J.; Leblanc, A.; Poindexter, H.B.W.; Risser, J.M.H.; Schneider, V. Bone density in eumenorrheic female college
athletes. Med. Sci. Sports Exerc. 1990, 22, 570–574. [CrossRef]

22. Robinson, T.; Snow-Harter, C.; Taaffe, D.; Gillis, D.; Shaw, J.; Marcus, R. Gymnasts exhibit higher bone mass than runners despite
similar prevalence of amenorrhea and oligomenorrhea. J. Bone Miner. Res. 1995, 10, 26–35. [CrossRef] [PubMed]

23. Barrack, M.T.; Rauh, M.J.; Nichols, J.F. Prevalence of and Traits Associated with Low BMD among Female Adolescent Runners.
Med. Sci. Sports Exerc. 2008, 40, 2015–2021. [CrossRef] [PubMed]

24. Burrows, M.; Shepherd, H.; Bird, S.; MacLeod, K.; Ward, B. The components of the female athlete triad do not identify all
physically active females at risk. J. Sports Sci. 2007, 25, 1289–1297. [CrossRef] [PubMed]

25. Hoch, A.Z.; Pajewski, N.M.; Moraski, L.; Carrera, G.F.; Wilson, C.R.; Hoffmann, R.G.; Schimke, J.E.; Gutterman, D.D. Prevalence
of the Female Athlete Triad in High School Athletes and Sedentary Students. Clin. J. Sport Med. 2009, 19, 421–428. [CrossRef]

26. Nichols, J.F.; Rauh, M.J.; Lawson, M.J.; Ji, M.; Barkai, H.-S. Prevalence of the Female Athlete Triad Syndrome among High School
Athletes. Arch. Pediatr. Adolesc. Med. 2006, 160, 137–142. [CrossRef] [PubMed]

27. Pettersson, U.; Stålnacke, B.-M.; Ahlénius, G.-M.; Henriksson-Larsén, K.; Lorentzon, R. Low Bone Mass Density at Multiple
Skeletal Sites, Including the Appendicular Skeleton in Amenorrheic Runners. Calcif. Tissue Int. 1999, 64, 117–125. [CrossRef]

28. Pollock, N.; Grogan, C.; Perry, M.; Pedlar, C.; Cooke, K.; Morrissey, D.; Dimitriou, L. Bone-mineral density and other features
of the female athlete triad in elite endurance runners: A longitudinal and cross-sectional observational study. Int. J. Sport Nutr.
Exerc. Metab. 2010, 20, 418–426. [CrossRef]

29. Rauh, M.J.; Nichols, J.F.; Barrack, M.T. Relationships among Injury and Disordered Eating, Menstrual Dysfunction, and Low Bone
Mineral Density in High School Athletes: A Prospective Study. J. Athl. Train. 2010, 45, 243–252. [CrossRef]

30. Rutherford, O.M. Spine and total body bone mineral density in amenorrheic endurance athletes. J. Appl. Physiol. 1993, 74,
2904–2908. [CrossRef]

31. Schtscherbyna, A.; Soares, E.A.; de Oliveira, F.P.; Ribeiro, B.G. Female athlete triad in elite swimmers of the city of Rio de Janeiro,
Brazil. Nutrition 2009, 25, 634–639. [CrossRef]

32. Torres-McGehee, T.M.; Monsma, E.V.; Dompier, T.P.; Washburn, S.A. Eating Disorder Risk and the Role of Clothing in Collegiate
Cheerleaders’ Body Images. J. Athl. Train. 2012, 47, 541–548. [CrossRef] [PubMed]

33. Monsma, E.V.; Gay, J.L.; Torres-McGehee, T.M. Body Image, Maturation, and Psychological Functioning in College Cheerleaders:
A Matter of Position? Transl. J. Am. Coll. Sports Med. 2016, 1, 71–81.

34. Torres-McGehee, T.M.; Emerson, D.M.; Pritchett, K.; Moore, E.M.; Smith, A.B.; Uriegas, N.A. Energy Availability With or Without
Eating Disorder Risk in Collegiate Female Athletes and Performing Artists. J. Athl. Train. 2021, 56, 993–1002. [CrossRef] [PubMed]

35. Van Loan, M.D. Do Hand-Held Calorimeters Provide Reliable and Accurate Estimates of Resting Metabolic Rate? J. Am. Coll.
Nutr. 2007, 26, 625–629. [CrossRef]

36. Klibanski, A.; Adams-Campbell, L.; Bassford, T.; Blair, S.N.; Boden, S.D.; Dickersin, K.; Gifford, D.R.; Glasse, L.; Goldring, S.R.;
Hruska, K.; et al. Osteoporosis prevention, diagnosis, and therapy. JAMA 2001, 285, 785–795.

37. McDoniel, S.O. A Systematic Review on Use of a Handheld Indirect Calorimeter to Assess Energy Needs in Adults and Children.
Int. J. Sport Nutr. Exerc. Metab. 2007, 17, 491–500. [CrossRef]

38. Garner, D.M. EDI-3, Eating Disorder Inventory-3: Professional Manual: Psychological Assessment Resources. Available online:
https://www.parinc.com/Products/Pkey/103 (accessed on 13 December 2021).

39. Gibson, A.L.; Wagner, D.; Heyward, V. Advanced Fitness Assessment and Exercise Prescription; Human Kinetics: Champaign, IL,
USA, 2018.

40. Ainsworth, B.E.; Haskell, W.L.; Whitt, M.C.; Irwin, M.L.; Swartz, A.M.; Strath, S.J.; O’Brien, W.L.; Bassett, D.R., Jr.; Schmitz, K.H.;
Emplaincourt, P.O.; et al. Compendium of Physical Activities: An update of activity codes and MET intensities. Med. Sci. Sports
Exerc. 2000, 32, S498–S516. [CrossRef]

41. Drenowatz, C.; Eisenmann, J.C.; Pivarnik, J.M.; Pfeiffer, K.A.; Carlson, J.J. Differences in energy expenditure between high- and
low-volume training. Eur. J. Sport Sci. 2013, 13, 422–430. [CrossRef]

42. Berntsen, S.; Hageberg, R.; Aandstad, A.; Mowinckel, P.; Anderssen, S.A.; Carlsen, K.-H.; Andersen, L.B. Validity of physical
activity monitors in adults participating in free-living activities. Br. J. Sports Med. 2008, 44, 657–664. [CrossRef]

43. Faul, F.; Erdfelder, E.; Lang, A.-G.; Buchner, A. G*Power 3: A flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav. Res. Methods 2007, 39, 175–191. [CrossRef]

44. Elliott-Sale, K.J.; Tenforde, A.S.; Parziale, A.L.; Holtzman, B.; Ackerman, K.E. Endocrine Effects of Relative Energy Deficiency in
Sport. Int. J. Sport Nutr. Exerc. Metab. 2018, 28, 335–349. [CrossRef] [PubMed]

45. Silva, M.R.; Paiva, T. Low energy availability and low body fat of female gymnasts before an international competition. Eur. J.
Sport Sci. 2015, 15, 591–599. [CrossRef] [PubMed]

46. Woodruff, S.; Meloche, R.D. Energy Availability of Female Varsity Volleyball Players. Int. J. Sport Nutr. Exerc. Metab. 2013, 23,
24–30. [CrossRef] [PubMed]

47. Reed, J.L.; De Souza, M.J.; Kindler, J.M.; Williams, N.I. Nutritional practices associated with low energy availability in Division I
female soccer players. J. Sports Sci. 2014, 32, 1499–1509. [CrossRef] [PubMed]

http://doi.org/10.1016/8756-3282(95)00171-9
http://doi.org/10.1249/00005768-199010000-00005
http://doi.org/10.1002/jbmr.5650100107
http://www.ncbi.nlm.nih.gov/pubmed/7747628
http://doi.org/10.1249/MSS.0b013e3181822ea0
http://www.ncbi.nlm.nih.gov/pubmed/18981950
http://doi.org/10.1080/02640410601129714
http://www.ncbi.nlm.nih.gov/pubmed/17786682
http://doi.org/10.1097/JSM.0b013e3181b8c136
http://doi.org/10.1001/archpedi.160.2.137
http://www.ncbi.nlm.nih.gov/pubmed/16461868
http://doi.org/10.1007/s002239900589
http://doi.org/10.1123/ijsnem.20.5.418
http://doi.org/10.4085/1062-6050-45.3.243
http://doi.org/10.1152/jappl.1993.74.6.2904
http://doi.org/10.1016/j.nut.2008.11.029
http://doi.org/10.4085/1062-6050-47.5.03
http://www.ncbi.nlm.nih.gov/pubmed/23068592
http://doi.org/10.4085/JAT0502-20
http://www.ncbi.nlm.nih.gov/pubmed/33351913
http://doi.org/10.1080/07315724.2007.10719639
http://doi.org/10.1123/ijsnem.17.5.491
https://www.parinc.com/Products/Pkey/103
http://doi.org/10.1097/00005768-200009001-00009
http://doi.org/10.1080/17461391.2011.635707
http://doi.org/10.1136/bjsm.2008.048868
http://doi.org/10.3758/BF03193146
http://doi.org/10.1123/ijsnem.2018-0127
http://www.ncbi.nlm.nih.gov/pubmed/30008240
http://doi.org/10.1080/17461391.2014.969323
http://www.ncbi.nlm.nih.gov/pubmed/25318582
http://doi.org/10.1123/ijsnem.23.1.24
http://www.ncbi.nlm.nih.gov/pubmed/22899818
http://doi.org/10.1080/02640414.2014.908321
http://www.ncbi.nlm.nih.gov/pubmed/24787233


Int. J. Environ. Res. Public Health 2022, 19, 1375 17 of 18

48. Civil, R.; Lamb, A.; Loosmore, D.; Ross, L.; Livingstone, K.; Strachan, F.; Dick, J.R.; Stevenson, E.J.; Brown, M.A.; Witard, O.C.
Assessment of Dietary Intake, Energy Status, and Factors Associated With RED-S in Vocational Female Ballet Students. Front.
Nutr. 2019, 5, 136. [CrossRef] [PubMed]

49. Schaal, K.; Tiollier, E.; Le Meur, Y.; Casazza, G.; Hausswirth, C. Elite synchronized swimmers display decreased energy availability
during intensified training. Scand. J. Med. Sci. Sports 2016, 27, 925–934. [CrossRef] [PubMed]

50. Williams, N.I.; Statuta, S.M.; Austin, A. Female Athlete Triad: Future Directions for Energy Availability and Eating Disorder
Research and Practice. Clin. Sports Med. 2017, 36, 671–686. [CrossRef]

51. Greenleaf, C.; Petrie, T.A.; Carter, J.; Reel, J.J. Female Collegiate Athletes: Prevalence of Eating Disorders and Disordered Eating
Behaviors. J. Am. Coll. Health 2009, 57, 489–495. [CrossRef]

52. Torres-McGehee, T.M.; Monsma, E.V.; Gay, J.L.; Minton, D.M.; Mady-Foster, A.N. Prevalence of Eating Disorder Risk and Body
Image Distortion Among National Collegiate Athletic Association Division I Varsity Equestrian Athletes. J. Athl. Train. 2011, 46,
431–437. [CrossRef]

53. Condo, D.; Lohman, R.; Kelly, M.; Carr, A. Nutritional Intake, Sports Nutrition Knowledge and Energy Availability in Female
Australian Rules Football Players. Nutrients 2019, 11, 971. [CrossRef]

54. Alaunyte, I.; Perry, J.L.; Aubrey, T. Nutritional knowledge and eating habits of professional rugby league players: Does knowledge
translate into practice? J. Int. Soc. Sports Nutr. 2015, 12, 1–7. [CrossRef] [PubMed]

55. Birkenhead, K.L.; Slater, G. A Review of Factors Influencing Athletes’ Food Choices. Sports Med. 2015, 45, 1511–1522. [CrossRef]
[PubMed]

56. Sundgot-Borgen, J. Knowledge and Practice of Top Level Coaches about Weight Control and Eating Disorders. Med. Sci. Sports
Exerc. 1993, 5 (Suppl. 25), 180.

57. Sundgot-Borgen, J.; Torstveit, M.K. Prevalence of Eating Disorders in Elite Athletes Is Higher Than in the General Population.
Clin. J. Sport Med. 2004, 14, 25–32. [CrossRef]

58. Uriegas, N.A.; Emerson, D.M.; Smith, A.B.; Kelly, M.R.; Torres-McGehee, T.M. Examination of eating disorder risk among
university marching band artists. J. Eat. Disord. 2021, 9, 1–10. [CrossRef]

59. Torstveit, M.K.; Rosenvinge, J.H.; Sundgot-Borgen, J. Prevalence of eating disorders and the predictive power of risk models in
female elite athletes: A controlled study. Scand. J. Med. Sci. Sports 2007, 18, 108–118. [CrossRef]

60. Sundgot-Borgen, J. Prevalence of Eating Disorders in Elite Female Athletes. Int. J. Sport Nutr. 1993, 3, 29–40. [CrossRef]
61. Sundgot-Borgen, J.; Torstveit, M.K. Aspects of disordered eating continuum in elite high-intensity sports. Scand. J. Med. Sci. Sports

2010, 20, 112–121. [CrossRef]
62. Black, D.R.; Larkin, L.J.; Coster, D.C.; Leverenz, L.J.; Abood, D.A. Physiologic Screening Test for Eating Disorders/Disordered

Eating Among Female Collegiate Athletes. J. Athl. Train. 2003, 38, 286–297.
63. Torres-McGehee, T.M.; Green, J.M.; Leeper, J.D.; Leaver-Dunn, D.; Richardson, M.; Bishop, P.A. Body Image, Anthropometric

Measures, and Eating-Disorder Prevalence in Auxiliary Unit Members. J. Athl. Train. 2009, 44, 418–426. [CrossRef]
64. Prnjak, K.; Jukic, I.; Tufano, J.J. Perfectionism, Body Satisfaction and Dieting in Athletes: The Role of Gender and Sport Type.

Sports 2019, 7, 181. [CrossRef] [PubMed]
65. Chatterton, J.M.; Petrie, T.A. Prevalence of Disordered Eating and Pathogenic Weight Control Behaviors among Male Collegiate

Athletes. Eat. Disord. 2013, 21, 328–341. [CrossRef] [PubMed]
66. Petrie, T.A.; Greenleaf, C.; Reel, J.; Carter, J. Prevalence of eating disorders and disordered eating behaviors among male collegiate

athletes. Psychol. Men Masc. 2008, 9, 267–277. [CrossRef]
67. Goldfield, G.S. Body Image, Disordered Eating and Anabolic Steroid Use in Female Bodybuilders. Eat. Disord. 2009, 17, 200–210.

[CrossRef] [PubMed]
68. Torres-McGehee, T.M.; Green, J.M.; Leaver-Dunn, D.; Leeper, J.D.; Bishop, P.A.; Richardson, M.T. Attitude and Knowledge

Changes in Collegiate Dancers following a Short-Term, Team-Centered Prevention Program on Eating Disorders. Percept. Mot.
Ski. 2011, 112, 711–725. [CrossRef] [PubMed]

69. Doyle-Lucas, A.F.; Akers, J.D.; Davy, B.M. Energetic efficiency, menstrual irregularity, and bone mineral density in elite profes-
sional female ballet dancers. J. Dance Med. Sci. 2010, 14, 146–154.

70. Dale, E.; Gerlach, D.H.; Wilhite, A.L. Menstrual Dysfunction in Distance Runners. Obstet. Gynecol. 1979, 54, 47–53. [CrossRef]
71. Feicht, C.; Johnson, T.; Martin, B.; Sparkes, K.; Wagner, W. SECONDARY AMENORRHŒA IN ATHLETES. Lancet 1978, 312,

1145–1146. [CrossRef]
72. Glass, A.R.; Deuster, P.A.; Kyle, S.B.; Yahiro, J.A.; Vigersky, R.A.; Schoomaker, E.B. Amenorrhea in Olympic marathon runners.

Fertil. Steril. 1987, 48, 740–745. [CrossRef]
73. Sanborn, C.F.; Martin, B.J.; Wagner, W.W. Is athletic amenorrhea specific to runners? Am. J. Obstet. Gynecol. 1982, 143, 859–861.

[CrossRef]
74. Shangold, M.M.; Levine, H.S. The effect of marathon training upon menstrual function. Am. J. Obstet. Gynecol. 1982, 143, 862–869.

[CrossRef]
75. Wakat, D.K.; Sweeney, K.A.; Rogol, A.D. Reproductive system function in women cross-country runners. Med. Sci. Sports Exerc.

1982, 14, 263–269. [CrossRef] [PubMed]
76. Singh, K.B. Menstrual disorders in college students. Am. J. Obstet. Gynecol. 1981, 140, 299–302. [CrossRef]

http://doi.org/10.3389/fnut.2018.00136
http://www.ncbi.nlm.nih.gov/pubmed/30687712
http://doi.org/10.1111/sms.12716
http://www.ncbi.nlm.nih.gov/pubmed/27367601
http://doi.org/10.1016/j.csm.2017.05.003
http://doi.org/10.3200/JACH.57.5.489-496
http://doi.org/10.4085/1062-6050-46.4.431
http://doi.org/10.3390/nu11050971
http://doi.org/10.1186/s12970-015-0082-y
http://www.ncbi.nlm.nih.gov/pubmed/25897297
http://doi.org/10.1007/s40279-015-0372-1
http://www.ncbi.nlm.nih.gov/pubmed/26243016
http://doi.org/10.1097/00042752-200401000-00005
http://doi.org/10.1186/s40337-021-00388-7
http://doi.org/10.1111/j.1600-0838.2007.00657.x
http://doi.org/10.1123/ijsn.3.1.29
http://doi.org/10.1111/j.1600-0838.2010.01190.x
http://doi.org/10.4085/1062-6050-44.4.418
http://doi.org/10.3390/sports7080181
http://www.ncbi.nlm.nih.gov/pubmed/31344910
http://doi.org/10.1080/10640266.2013.797822
http://www.ncbi.nlm.nih.gov/pubmed/23767673
http://doi.org/10.1037/a0013178
http://doi.org/10.1080/10640260902848485
http://www.ncbi.nlm.nih.gov/pubmed/19391019
http://doi.org/10.2466/06.PMS.112.3.711-725
http://www.ncbi.nlm.nih.gov/pubmed/21853760
http://doi.org/10.1097/00006250-197907000-00013
http://doi.org/10.1016/S0140-6736(78)92294-8
http://doi.org/10.1016/S0015-0282(16)59522-3
http://doi.org/10.1016/0002-9378(82)90463-X
http://doi.org/10.1016/0002-9378(82)90464-1
http://doi.org/10.1249/00005768-198204000-00002
http://www.ncbi.nlm.nih.gov/pubmed/7132642
http://doi.org/10.1016/0002-9378(81)90277-5


Int. J. Environ. Res. Public Health 2022, 19, 1375 18 of 18

77. Pettersson, F.; Fries, H.; Nillius, S.J. Epidemiology of secondary amenorrhea. I. Incid. Preval. Rates. Am. J. Obs. Gynecol. 1973, 117,
80–86. [CrossRef]

78. Beals, K.A.; Hill, A.K. The Prevalence of Disordered Eating, Menstrual Dysfunction, and Low Bone Mineral Density among US
Collegiate Athletes. Int. J. Sport Nutr. Exerc. Metab. 2006, 16, 1–23. [CrossRef]

79. Abraham, S.F.; Beumont, P.J.V.; Fraser, I.S.; Llewellyn-Jones, D. Body weight, exercise and menstrual status among ballet dancers
in training. BJOG: Int. J. Obstet. Gynaecol. 1982, 89, 507–510. [CrossRef]

80. Dusek, T. Influence of high intensity training on menstrual cycle disorders in athletes. Croat. Med. J. 2001, 42, 79–82.
81. Bachmann, G.A.; Kemmann, E. Prevalence of oligomenorrhea and amenorrhea in a college population. Am. J. Obstet. Gynecol.

1982, 144, 98–102. [CrossRef]
82. Kopp-Woodroffe, S.A.; Manore, M.M.; Dueck, C.A.; Skinner, J.S.; Matt, K.S. Energy and Nutrient Status of Amenorrheic Athletes

Participating in a Diet and Exercise Training Intervention Program. Int. J. Sport Nutr. 1999, 9, 70–88. [CrossRef]
83. Drinkwater, B.L.; Bruemner, B.; Chesnut, C.H. Menstrual history as a determinant of current bone density in young athletes.

JAMA 1990, 263, 545–548. [CrossRef]
84. Lloyd, T.; Myers, C.; Buchanan, J.R.; Demers, L.M. Collegiate women athletes with irregular menses during adolescence have

decreased bone density. Obstet. Gynecol. 1988, 72, 639–642. [PubMed]
85. Keen, A.D.; Drinkwater, B.L. Irreversible bone loss in former amenorrheic athletes. Osteoporos. Int. 1997, 7, 311–315. [CrossRef]

[PubMed]
86. Warren, M.P.; Brooks-Gunn, J.; Fox, R.P.; Holderness, C.C.; Hyle, E.P.; Hamilton, W.G. Osteopenia in exercise-associated

amenorrhea using ballet dancers as a model: A longitudinal study. J. Clin. Endocrinol. Metab. 2002, 87, 3162–3168. [CrossRef]
[PubMed]

87. Bennell, K.; Matheson, G.; Meeuwisse, W.; Brukner, P. Risk Factors for Stress Fractures. Sports Med. 1999, 28, 91–122. [CrossRef]
88. Bennell, K.; Brukner, P.D. EPIDEMIOLOGY AND SITE SPECIFICITY OF STRESS FRACTURES. Clin. Sports Med. 1997, 16,

179–196. [CrossRef]
89. Bennell, K.L.; Malcolm, S.A.; Thomas, S.A.; Reid, S.J.; Brukner, P.D.; Ebeling, P.R.; Wark, J.D. Risk factors for stress fractures in

track and field athletes. A twelve-month prospective study. Am. J. Sports Med. 1996, 24, 810–818. [CrossRef]
90. Lauder, T.D.; Dixit, S.; Pezzin, L.E.; Williams, M.V.; Campbell, C.S.; Davis, G.D. The relation between stress fractures and bone

mineral density: Evidence from active-duty Army women. Arch. Phys. Med. Rehabil. 2000, 81, 73–79. [CrossRef]
91. Myburgh, K.; Hutchins, J.; Fataar, A.B.; Hough, S.F.; Noakes, T.D. Low Bone Density Is an Etiologic Factor for Stress Fractures in

Athletes. Ann. Intern. Med. 1990, 113, 754–759. [CrossRef]
92. Warren, M.P.; Gunn, J.B.; Hamilton, L.H.; Warren, L.F.; Hamilton, W.G. Scoliosis and Fractures in Young Ballet Dancers. N. Engl. J.

Med. 1986, 314, 1348–1353. [CrossRef]
93. Winfield, A.C.; Moore, J.; Bracker, M.; Johnson, C.W. Risk factors associated with stress reactions in female Marines. Mil. Med.

1997, 162, 698–70294. [CrossRef]
94. Gibbs, J.; Williams, N.I.; DE Souza, M.J. Prevalence of Individual and Combined Components of the Female Athlete Triad. Med.

Sci. Sports Exerc. 2013, 45, 985–996. [CrossRef] [PubMed]
95. Torstveit, M.K.; Sundgot-Borgen, J. The Female Athlete Triad Exists in Both Elite Athletes and Controls. Med. Sci. Sports Exerc.

2005, 37, 1449–1459. [CrossRef] [PubMed]

http://doi.org/10.1016/0002-9378(73)90732-1
http://doi.org/10.1123/ijsnem.16.1.1
http://doi.org/10.1111/j.1471-0528.1982.tb03649.x
http://doi.org/10.1016/0002-9378(82)90402-1
http://doi.org/10.1123/ijsn.9.1.70
http://doi.org/10.1001/jama.1990.03440040084033
http://www.ncbi.nlm.nih.gov/pubmed/3419741
http://doi.org/10.1007/BF01623770
http://www.ncbi.nlm.nih.gov/pubmed/9373563
http://doi.org/10.1210/jcem.87.7.8637
http://www.ncbi.nlm.nih.gov/pubmed/12107218
http://doi.org/10.2165/00007256-199928020-00004
http://doi.org/10.1016/S0278-5919(05)70016-8
http://doi.org/10.1177/036354659602400617
http://doi.org/10.1016/S0003-9993(00)90225-9
http://doi.org/10.7326/0003-4819-113-10-754
http://doi.org/10.1056/NEJM198605223142104
http://doi.org/10.1093/milmed/162.10.698
http://doi.org/10.1249/MSS.0b013e31827e1bdc
http://www.ncbi.nlm.nih.gov/pubmed/23247706
http://doi.org/10.1249/01.mss.0000177678.73041.38
http://www.ncbi.nlm.nih.gov/pubmed/16177594

	Introduction 
	Materials and Methods 
	Participants 
	Instruments 
	Demographic Survey 
	Anthropometric Measurements 
	Dual-Energy X-ray Absorptiometry (DXA) 
	Resting Metabolic Rate (RMR) 
	Eating Disorder Inventory-3 (EDI-3) 
	Eating Disorder Inventory-3 Symptom Checklist (EDI-3 SC) 
	Low Energy Availability (LEA) with or without an Eating Disorder (ED) 
	Energy Intake (EI) 
	Exercise Energy Expenditure (EEE) 
	Total Daily Energy Expenditure (TDEE) 
	Self-Reported Menstrual Cycle Assessment 
	Hormonal Menstrual Cycle Blood Assessment 

	Procedures 
	Statistical Analysis 

	Results 
	Participant Characteristics 
	Energy Needs Assessment and Low Energy Availability 
	Eating Disorder Risk and Pathogenic Behaviors 
	Low Energy Availability with or without an Eating Disorder 
	Menstrual Cycle Dysfunction 
	Bone Mineral Density 
	Triad Components 

	Discussion 
	Low Energy Availability 
	LEA with or without an Eating Disorder Risk 
	Pathogenic Behaviors 
	Energy Needs Assessment 
	Menstrual Cycle Dysfunction 
	Low Bone Mineral Density 
	Triad Components 
	Limitations and Future Research 

	Conclusions 
	References

