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Abstract

This pilot study investigated energy availability (EA) and nutritional status of NCAA DIl female athletes (n=20) over a 6-
week training period. DIIl athletes often lack nutrition resources, increasing their risk of developing Relative Energy
Deficiency in Sport (RED-S). Using a repeated-measures design, 20 female athletes (20 + 1.1 years) across nine sports
were assessed at three time points (DC1, DC2, and DC3). Data collection included laboratory assessments of body
composition, resting metabolic rate, and the LEAF-Q screening tool. Following each lab session, participants completed
7-day remote dietary tracking via the Cronometer app and maintained training logs to calculate energy expenditure.
High protocol adherence was observed (95.2%). The most significant finding was the pervasive nature of low energy
availability (LEA); mean EA remained consistently below the clinical threshold of (<30 kcal/kgFFM/day) at all time points
(24.5, 18.3, and 18.9 kcal/kgFFM/day, respectively). By DC3, 70% of participants were in clinical LEA and 0% achieved
optimal EA. While 85% met physiological criteria for LEA, only 33% were identified as “at-risk” by the LEAF-Q. Dietary
analysis revealed severe inadequacies in carbohydrate (2.3-2.5 g/kg/day) and protein (1.0-1.1 g/kg/day) relative to
sport nutrition guidelines. DIll female athletes in our study faced a chronic “LEA load” driven by macronutrient deficits.
Athletics Departments should implement a universal screening tool that pairs the LEAF-Q with EA calculations to detect
metabolic conservation as well as provide targeted education on fueling density.

Keywords: Energy expenditure, Fat-free mass (FFM), Nutritional assessment, Athletic performance,
Dietary intake, Female athlete health.

INTRODUCTION

Collegiate student-athletes navigate a demanding "dual-career" environment, balancing rigorous athletic
performance with academic achievement. This unique pressure profile places them at heightened risk for
Relative Energy Deficiency in Sport (RED-S). The syndrome of RED-S refers to impaired physiological
functioning that is caused by relative energy deficiency and includes, but is not limited to, impairments in
metabolic rate, menstrual function, bone health, immunity, protein synthesis, and cardiovascular health
111, While RED-S can affect athletes of all genders, research consistently demonstrates a higher prevalence
among females27l. Within the collegiate landscape, NCAA Division Il athletes represent the largest
segment of the population yet receive the fewest nutrition-related resources, such as access to team-
dedicated sports dietitians/®l. Consequently, DIll athletes are particularly vulnerable to insufficient
nutritional intake and the development of Low Energy Availability (LEA)S],

The underlying etiology of RED-S is LEA, a state where dietary energy intake is insufficient to support the
physiological functions required for health and daily living after accounting for exercise energy
expenditure [10-12], Mathematically, Energy Availability (EA) is expressed as:

EA = (EI - EEE)
FFM
where El - Energy Intake, EEE = Exercise Energy Expenditure and FFM = Fat Free Mass.

Standardized "zones of EA" categorize one’s energy status into optimal (245 kcal/kg FFM/day), subclinical
(30-45 kcal/kg FFM/day), and clinically low (< 30 kcal/kg FFM/day)!*2l. While these thresholds provide a
conceptual framework, individual sensitivity to LEA varies!*3l, Chronic or acute LEA can trigger and impair
multiple body systems responses, including metabolic rate, menstrual function, bone health and immune
response, while simultaneously degrading strength and powerl6:13,14],



Despite the clinical importance of EA, its assessment is notoriously
challenging('>16], Accurate measurement requires high precision in
tracking energy intake and expenditure, yet practitioners often rely on
self-reported dietary methods prone to significant underreporting!t7l.
To mitigate these challenges, validated screening tools like the Low
Energy Availability in Females Questionnaire (LEAFQ,'8] have been
developed to identify risk based on physiological symptoms such as
injury frequency and reproductive function!!819, Furthermore, the
emergence of accessible mobile health (mHealth) applications (“apps”),
such as Cronometer, offers a more robust means of monitoring food
intake 20, Cronometer has been shown to provide more
comprehensive data on fiber and essential micronutrients compared to
other market-leading apps[?9l. Additionally, other research has shown
that Cronometer was the only app with no significant differences in
caloric or macronutrient estimates when compared to the Nutrition
Data System for Research (NDSR) references for 3-day food records,
making it the most accurate and powerful tool for longitudinal
nutritional assessment(21l,

These assessment tools are particularly critical during the preseason
and competitive periods, when training volumes peak and physiological
demands intensify®). To support such rigorous physical loads,
carbohydrate requirements can surge to 7-12 g/kg/day, necessitating
high-precision monitoring to ensure fueling adequacy!22.23],
Simultaneously, maintaining a protein intake of 1.2-2.0 g/kg/day and
keeping dietary fat within 20-35% of total calories is essential for
recovery and hormonal health[24, yet achieving this balance remains a
significant challenge for the unguided athletel25:26], A synergistic blend
of carbohydrates, proteins, fats, vitamins and minerals plays a pivotal
role in enhancing sports performance while also maintaining a healthy
body and it takes a concerted effort to achieve an appropriate balance
that provides adequate energy in those with increased energy
needsl?2l, When these elevated requirements are combined with the
logistical hurdles of student-athlete life, the risk of chronic LEA
increases(?’). However, much of the existing literature relies on short-
term, cross-sectional data, which fails to capture the cumulative "LEA
load" an athlete may experience over time.

The purpose of this pilot study was three-fold:

e  To assess the utility and athlete compliance of using remote
tracking for physical activity and dietary intake in NCAA
Division Ill female athletes across a full training season;

e  To explore longitudinal EA tracking at multiple time points to
capture the dynamic nature of energy balance; and

e  To preliminarily examine macronutrient distribution relative
to minimum sport nutrition recommendations
(carbohydrates, protein, and fats).

By piloting the calculation of "LEA load" that accounts for both the
magnitude and duration of energy deficits, this study moves beyond a
"snapshot" in time to offer insight into the cumulative physiological
effects of energy deficiency. As the first longitudinal assessment of its
kind in the NCAA DIII female athlete population, this pilot work serves
to establish a methodology and provide preliminary data for future
large-scale investigations into energy deficiency.

MATERIALS AND METHODS
Subjects

The study began with n=21 female collegiate athletes. However, one
athlete was excluded from the study due to incomplete data. The study
was approved by the Institutional Review Board at the College and all
subjects were told about the purpose of the study and completed an
informed consent form. The subjects underwent three lab testing
sessions and three separate weeks of data collection. To ensure data

integrity, only subjects who completed all three laboratory sessions
and associated dietary/activity logs were included.

Study Design

A prospective pilot study was conducted utilizing a repeated-measures
design across a six-week training period during the spring academic
semester. Data collection occurring at three time points (DC1, DC2,
DC3) on an every-other-week schedule was specifically chosen to
assess the feasibility of athlete engagement with intensive monitoring.
Each session involved laboratory assessments of body composition,
resting metabolic rate (RMR), and LEAF-Q Questionnaires, followed by
seven continuous days of remote dietary and exercise tracking. This
schedule allowed us to evaluate the logistical flow of our multi-method
approach in a real-world collegiate setting.

PROCEDURES:
Body Composition, RMR, and Questionnaires

Body composition was assessed via bioelectrical impedance analysis
(BIA) using the Omron HBF-300 Body Fat Analyzer [28] to determine fat-
free mass (FFM) and body fat percentage. Measurements were taken
in a fasted state with participants standing upright, arms extended
horizontally at a 90° angle to the torso, and hands firmly gripping the
electrode handles. To ensure accuracy, the device was programmed
with each participant’s height, weight, age, and sex. Total body fat
percentage was used to derive FFM, which was recorded in kilograms
(kg) for use in the Energy Availability (EA) equation.

RMR was measured via indirect calorimetry using the VO2 Master Pro
(Version 1.1.1). The VO2 Master is a validated portable analyzer
comparable to traditional metabolic carts 2%, Participants were tested
in a fasted, rested state, having refrained from exercise and caffeine
for at least 12 hours. The protocol consisted of a 5-minute "settle-in"
period followed by a 5-minute measurement phase while seated. The
device measured breath-by-breath ventilation and VO2 data were
transmitted via Bluetooth to the mobile application for subsequent
analysis.

Participants also completed the LEAF-Q [18] during each lab visit. This
validated screening tool was used to assess physiological symptoms
related to chronic LEA risk factors, specifically focusing on injury
history, gastrointestinal function, and reproductive health (191, A total
score of >8 was utilized to identify athletes "at risk" for LEA and
associated RED-S complications [19],

Remote Tracking

To capture real-world energy balance, the following tools were utilized
during each 7-day data collection period (DC1, DC2, and DC3):

Dietary Intake: Nutritional data were captured as Energy Intake (El)
over seven continuous days using the Cronometer (2026, Version
4.48.6) mobile health (mHealth) application. Cronometer was selected
for its extensive database and ability to track macronutrients [20],
Participants were instructed to log all food, beverages, and
supplements. This allowed for the tracking of total caloric intake per
day as well as precise macronutrient (g/day) (carbohydrates, protein,
fat) distribution.

Energy Expenditure (Training Logs): To determine Exercise Energy
Expenditure

(EEE), participants maintained detailed daily training logs for seven
continuous days (DC1, DC2, DC3). Athletes recorded the specific type,
duration, and perceived intensity of all training sessions and
competitive events. These logs were then cross-referenced with



standard Metabolic Equivalents of Task (MET) B9 values to calculate
daily activity-related energy expenditure (kcal/day).

Energy Availability (EA) Calculation

Energy Availability was calculated for each participant as the daily
average across each seven-day collection period (DC1, DC2, DC3) using
the formula:
EA = (El - EEE)
FFM
where El - Energy Intake, EEE = Exercise Energy Expenditure and FFM =
Fat Free Mass.

Statistical Analysis

Descriptive statistics (mean + SD) were calculated for anthropometrics,
body composition, and nutritional parameters (EA, El, EEE, and
macronutrient distribution). A one-way repeated measures Analysis of
Variance (ANOVA) was used to compare changes in EA and RMR across
the three time points. All statistical analyses were performed using
SPSS v.28, with significance set at p <.05.

RESULTS
Subject Characteristics, Anthropometrics and Body Composition

Participant characteristics (mean + SD) were: 20 + 1.1 years of age,
164.3 £ 5.5 cm in height. The cohort represented nine different athletic
programs: indoor track and field n=1, outdoor track and field n=2,
alpine ski n=1, golf n=2, field hockey n=2, softball n=1, volleyball n=2,
lacrosse n=2, and soccer n=7. Regarding protocol feasibility, participant
retention was high, with 95.2% (n=20) of the initial cohort completing
all three data collection points. Athletes demonstrated a strong
adherence to the remote tracking requirements providing an average
of 49 £ 1.6, 6.2 + 1.3, and 5.1 + 1.5 days of logged activity data for
collection windows DC1, DC2, and DC3, respectively, reflecting
assigned training programs as assigned by coaches. Dietary tracking
was similarly robust, with participants recording data for all 7 days for
each collection window. In instances of missing dietary data,
researchers facilitated dietary recall sessions to ensure completeness.

Baseline physical characteristics for the sample are presented in Table
1. There were no significant changes in body mass (p = .99), body fat
percentage (p = .99 ), or lean body mass (LBM) (p = .95) across the
three data collection periods (DC1, DC2, DC3).

Table 1: Body Composition Characteristics (Mean + SD)

Body DC1 DC2 DC3 p
Composition Mean % (SD) Mean * (SD) Mean * (SD) | value
Body Mass (kg) 71.1(11.7) 70.6 (11.5) 71.0 (11.7) .99
Body Fat (%) 25.8(5.6) 26.2 (5.5) 25.7(5.3) .99
FFM (kg) 52.4 (5.1) 52.5 (4.6) 52.4(5.2) 95

Prevalence of Low Energy Availability (LEA) Risk

The distribution of EA categories remained skewed toward clinical risk
throughout the study. At the final assessment, 70% (n=14) of
participants were classified as having "Clinical LEA" (<30 kcal/kg
FFM/day), while 30% (n=6) fell within the "Reduced EA" range (30-45
kcal/kg FFM/day). Notably, 0% (n=0) of the athletes achieved "Optimal
EA" (245 kcal/kg FFM/day) at any point during the training season
(Table 2).

Table 2: Distribution of Participants Across Energy Availability
Categories

pct | bpc2 | bc3
Frequency
Low EA contributable to health implications (<30 16 17 17
kcal/kg FFM/day)
Reduced EA for body mass/fat loss (30-45 kcal/kg 4 3 3
FFM/day)
Adequate EA for weight maintenance and 0 0 0
support of body function (~45 kcal/kg FFM/day)
High EA for mass gain and growth (>= 45 kcal/kg 0 0 0
FFM/day)

LEAF-Q Results

Parallel to the physiological findings, the Low Energy Availability in
Females Questionnaire (LEAF-Q) results indicated a consistent subset
of athletes at high risk for clinical consequences. Throughout the study,
the average total score remained relatively stable, transitioning from
6.2 + 3.7 at the initial assessment to 5.6 + 3.8 by the final lab session.
This slight decrease in total score in the final lab session is attributable
to a subject dropping out of the study. Despite these modest averages,
approximately 33% (n=7) of the cohort consistently met or exceeded
the clinical threshold score of 28, classifying them as "at risk" for LEA
(Table 3). The results of the t-test indicated significant differences
were obtained between weeks and LEAF-Q scores (p < .001).

Table 3: LEAF-Q Scores and Prevalence of Risk

Metric DC1 DC2 DC3 p value
Mean = (SD) | Mean (SD) | Mean % (SD)
Mean 6.2 (3.7) 6.0 (4.0) 5.6 (3.8) <.01**
N at risk 7 7 6
N not at risk 14 14 14
No total 21 21 20
Prevalence of risk 33% 33% 33%

Energy Availability (EA)

Mean EA for the cohort was consistently below the clinical threshold of
30 kcal/kg FFM/day at all three time points. Mean EA was 23.7 + 8.9
kcal/kg FFM/day (range: 2.8 — 37.4) at Week 1, 18.4 + 10.7 kcal/kg
FFM/day (range: -1.0 — 32.5) at Week 2, and -3.4 - 35.5 kcal/kg
FFM/day (range: -3.4 — 35.5) at Week 3 (Table 4). The ANOVA results
indicated significant differences in EA were obtained for Fat and Energy
availability (p < .01).

Macronutrient Intake Parameters

Dietary intake parameters remained stable across the training period
with no significant week-to-week differences observed for total energy
intake (p < .001 ), carbohydrates (p < .001 ), protein (p = <.001 ), or fat
(p=<.001).

Table 4: Energy Balance Parameters (Mean * SD)

DC1 DC2 DC3 p
Mean  (SD) Mean * (SD) Mean * (SD) value
Carbohydrate (g/kg) 2.5(0.9) 2.3(0.8) 2.3(1.0) .25
Fat (% total daily 27.5(0.2) 29.7 (0.2) 29.3(0.2) 6.58*
calories) *
Protein (g/kg) 1.1(0.3) 1.0(0.4) 1(0.3) 1.74
RMR (kcal/day) 1950.6 2075.6 2134.9 .33
(455.1) (313.2) (360.8)
Activity EE (kcal/day) | 366.5(360.1) | 451.1(361.5) | 478.3 (411.4) | N/A
Energy Availability 24.5 (12.5) 18.3 (13.1) 18.9 (14.2) <.001
(kcal/kg/FFM)




When compared to sport-specific recommendations, the cohort
demonstrated consistent inadequacies for daily carbohydrate and
protein intake. Mean daily carbohydrate intake was lower than the
recommended 5-12 g/kg/day for high-intensity and endurance
athletes at all time points. Mean daily protein intake fell below the
recommended 1.2-2.0 g/kg/day across the study duration. Mean daily
fat intake fell within the recommended range of 20-35% of total daily
calories at all time points (Table 5).

Table 5: Comparison of Observed Macronutrient Intake and Energy
Availability Against International Sports Nutrition Guidelines

Nutrient Current Study Recommended Compliance
Mean t (SD) Range Status
Carbohydrates 2.3+0.9 g/kg/day 5.0-12.0 Severe

g/kg/day Inadequacy

Protein 1.0+0.3 g/kg/day 1.2-2.0 g/kg/day Inadequate

Dietary Fat 28.8+0.2 % total 20-35 % total Adequate
kcal kcal

Energy 20.5+13.2 >45 kcal/kg Clinical Risk

Availability kcal/kgFFM/day FFM/day (<30)
DISCUSSION

The primary objective of this study was to evaluate the longitudinal
energy availability and nutritional status of NCAA Division Ill female
athletes during a training season. Much of the prior research in this
area focuses on a single snapshot of EA in athletes. The most significant
finding was the pervasive and chronic nature of Low Energy Availability
(LEA) within this cohort. Throughout the six-week study, 80—-85% of
athletes consistently fell below the clinical threshold for LEA (<30
kcal/kg FFM/day) despite having athletes of different sports in different
training seasons. Research indicates that the prevalence of LEA in
female athletes involved in various sports is wide ranging from as low
as 12% to 100 [493134] Notably, not a single participant in the present
study achieved "optimal" energy availability (245 kcal/kg FFM/day) at
any time point. These results highlight a severe, systemic deficit in
energy intake relative to training demands and regardless of sport in
our studied population. Other research findings have also suggested
that “optimal” energy availability is rarely attained in competitive
sporting environments often due to high training volumes and
intention or unintentional undereating[3s-38],

Prevalence and LEA Load

While cross-sectional studies often capture a single moment of
deficiency, the results from this pilot study suggest that for our sample
of DIIl female athletes, LEA is a stable state rather than a transient
fluctuation. The mean EA values across DC1, DC2, and DC3 (24.5, 18.3,
and 18.9 kcal/kg FFM/day, respectively) indicate a cohort in a state of
chronic energy conservation. The "LEA load", or the cumulative effect
of remaining in a deficit, is evidenced by the fact that 16 out of 20
athletes began the season in a clinical deficit, and this number
increased to 17 by the end of the study. This suggests that as the
training season progressed and EEE increased (from 366.5 to 478.3
kcal/day), athletes failed to adjust their EI to compensate, leading to
even lower EA values. It is not uncommon to observe this trend in
athletic populations where EA deteriorates as training demands
increase throughout a season(%37],

Interestingly, while 85% of the cohort met the physiological criteria for
LEA (<30 kcal/kg FFM/day), only 33% (n=7) were classified as 'at risk' by
the LEAF-Q (28). This discrepancy suggests a significant portion of the
cohort may be in a 'subclinical' phase of RED-S. Other research has
discussed the shortfalls of the LEAF-Q in that it may miss athletes who
are in adaptable or early-stage LEA and have not yet developed
symptoms of LEAB%40 |n adaptable or early-stage LEA, metabolic
conservation is occurring as evidenced by the stable body mass and
suppressed RMR, but has not yet progressed to the point of menstrual

dysfunction or frequent injury as captured by the LEAF-QI% 39401, This
highlights the danger of relying solely on symptom-based screening.
Athletes may be physiologically compromised long before they fail a
subjective questionnaire.

Macronutrient Inadequacies as a Driver of LEA

The underlying cause of the observed LEA appears to be a failure to
meet fundamental sport nutrition requirements, specifically for
carbohydrates and protein. Current guidelines for carbohydrates
recommend 5-12 g/kg/day for athletes in training(2223], but the current
cohort averaged only 2.3-2.5 g/kg/day, similar to other research that
has reported low daily carbohydrate intakes in training athletes(41-44],
Such low intakes of carbohydrate when matched for training demand
represents a critical fueling gap that not only drives LEA but also
impairs glycogen resynthesis, high-intensity performance capacity, and
recovery from training!45-47],

In the present study, participants averaged 1.0-1.1 g/kg/day of protein,
consistently falling below the recommended 1.2-2.0 g/kg/day [,
Insufficient protein during high-volume training blocks can compromise
muscle repair and lead to a negative nitrogen balance, further
exacerbating the physiological stress of RED-S [48:49],

Interestingly, fat intake remained within the recommended 20-35%
range. This suggests that athletes may be consuming enough fat for
general health but are failing to prioritize the carbohydrate and protein
sources necessary for glycogen resynthesis and muscle recovery.
Despite meeting the recommendations for one macronutrient group,
overall deficiencies in energy still have negative consequences on an
athlete’s performance including losses of fat free mass, disturbances in
immune function, decreased bone mineral density, and increased
susceptibility to injury and overtraining 431,

The lack of change in body mass despite chronic LEA is a hallmark of
metabolic adaptation 159, In states of chronic energy deficiency, the
body suppresses non-essential physiological functions (e.g.,
reproductive function, bone turnover) to maintain weight on fewer
calories 1121, This is supported by our finding that RMR was actually
measured to be lower than El in some instances, indicating a
potentially suppressed metabolic rate.

NCAA Division Ill Resource Gaps

These findings underscore the vulnerability of the Division Ill student-
athlete. Unlike Division | programs, which often employ full-time sports
dietitians and provide training tables, DIl athletes are largely
responsible for their own nutritional management [8l. The combination
of high training volumes, academic rigor, and limited professional
nutritional guidance can contribute to the high prevalence of
"unintentional LEA" [51-52],

Clinical and Practical Implications

The use of mHealth tools like Cronometer provided a feasible and
accessible method for these athletes to track their intake, and
preliminary findings suggest a significant pattern of under-fueling. For
athletic departments at the DIII level, these results suggest that:

e  The high completion rate of the LEAF-Q in this study suggests
that it was a useful screening tool for DIl athletes, however,
it may under-detect LEA risk.

e  Pilot data in the present study suggests that educational
interventions should focus specifically on increasing
carbohydrate and protein density to match fluctuating
training loads.

e Our results highlight that the utility of monitoring "LEA Load"
is more valuable than single-point assessments, as the



cumulative deficit likely poses the greatest risk to long-term
bone and reproductive health.

Our pilot work supports the recommendation that universal screening
should pair the LEAF-Q with energy availability (EA) calculations or
RMR testing where possible to capture 'silent' LEA before it progresses
to clinical RED-S.

Limitations and Future Recommendations

As a pilot study, this research was designed to assess the feasibility of
the protocol within a competitive collegiate setting. While the small
sample size (n=20) and sport-specific subgroups limit the
generalizability of the findings to broader populations, they provide
preliminary data necessary for power calculations in future large-scale
studies. The reliance on self-report logs and MET-based EEE
calculations may be subject to the “observer effect” and inadequate
consideration for individual metabolic variation, however, these
methods served to evaluate the practicality and athlete compliance of
non-invasive monitoring. Such methods are often preferred by
coaching staff and athletes to minimize disruption of the training
process 331, These pilot results suggest that while the framework is
viable, future studies with larger gender-diverse sample sizes should
incorporate more precise physiological measurements to build upon
these initial observations. Additionally, a universal screening tool
should be implemented in Athletics Departments to determine
specifically which groups may be at risk for such nutritional deficits so
targeted nutritional education programs can be implemented.

CONCLUSION

The results of this pilot study indicate that Female NCAA Division Il
athletes are at extreme risk for LEA and the subsequent complications
of RED-S. The consistent failure to meet carbohydrate and protein
recommendations suggests that current nutritional strategies in this
population are insufficient to support the demands of collegiate sport.
Future research should investigate the long-term health outcomes of
this "LEA load" and the efficacy of low-cost, app-based nutritional
interventions in the DIII setting.
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