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Abstract

Problem statement: Although the actual energy availability values have been measured in Japanese athletes, the
measurement of low energy availability risk using alternative indicators that are easy to use on sports fields has
not been sufficiently investigated in female Japanese athletes Purpose: In this pilot study, we aimed to clarify
the characteristics and related factors of female athletes at risk of low energy availability using the Low Energy
Availability in Females Questionnaire and resting metabolism rate ratio, which are alternative methods for
assessing the risk of low energy availability. Approach: Low Energy Availability in Females Questionnaire
scores, energy availability, and resting metabolism rate were evaluated in 11 female Japanese college athletes to
assess physiological symptoms of low energy availability. The resting metabolism rate ratio was calculated using
the measured and estimated resting metabolism rate values. Results: Risk classification using the Low Energy
Availability in Females Questionnaire score showed that energy availability was low in the risk group with a
score >8, and a low body fat percentage was observed in this group. Comparisons with the non-risk group
allowed the identification of risk factors leading to low energy availability, such as high exercise energy
expenditure. The low-resting metabolism rate ratio group showed low energy availability and high exercise
energy expenditure, suggesting a relationship with risk factors. The body mass index and fat-free mass were
higher in the low-resting metabolism rate ratio group than in the high-resting metabolism rate ratio group,
suggesting that larger-bodied athletes may be at higher risk of low energy availability. Conclusions: The risk
rate of low energy availability in our study was similar to that found in other countries, and female Japanese
college athletes may commonly be at risk. In addition, body composition, high exercise energy expenditure, and
carbohydrate intake per body weight may be associated with the risk of low energy availability. More studies are
warranted to evaluate such risk in more participants.

Key Words: Low Energy Availability in Females Questionnaire, resting metabolism rate, energy
availability, Japanese

Introduction

Low energy availability (LEA) in female athletes is an underlying cause of female athlete triad (FAT) along
with amenorrhea and decreased bone mineral density (Mountjoy et al., 2023). LEA has various mental and
physical effects, including decreased energy metabolism, immunity, and athletic performance, and increased risk
of injury (Mountjoy et al., 2023). LEA takes a long time to recover from, making prevention important.
Moreover, when EA falls below 30 kcal per kg of fat-free mass (FFM) unit, pulsed secretion of luteinizing
hormone and follicle-stimulating hormone is inhibited by the pituitary gland, therefore 30 kcal per kg of FFM is
indicated as the cutoff value for LEA (Loucks & Thuma, 2003). An energy availability (EA) below 30 kcal per
kg of FFM for only 5 days can have serious endocrine and metabolic effects, such as reduced blood glucose and
thyroid hormone (T3) levels (Loucks & Thuma, 2003). LEA, regardless of its duration, has negative effects on
the bone (Papageorgiou et al., 2018). Subclinical EA corresponds to an EA between 30 and 45 kcal/kg of FFM
(Melin et al., 2019). Thus, 45 kcal’kg of FFM are considered adequate EA levels and are recommended for
maintaining all physiological functions and performance (Loucks & Thuma, 2003).

The early recognition and improvement of LEA can prevent the development of symptoms of relative energy
deficiency in sport (RED-S). Gallant et al. (2025) recommended that coaches conduct regular surveys to identify
athletes at risk of LEA. Therefore, to prevent LEA, and consequently FAT and RED-S, it is important to
effectively and simply evaluate EA in actual sports environments. Logue et al. (2018) conducted EA evaluations
in female athletes using different measurement methods, such as heart rate monitoring and dietary record.
However, considering the difficulty of measuring actual EA on sports fields (Logue et al., 2020) and its burden
on athletes, it remains difficult to assess LEA. Different studies (Heikura et al., 2018; Sim et al., 2021; Staal et
al., 2018) have developed effective alternative indicators and screening methods to assess the risk of low EA.
For example, simple risk assessment methods for LEA include indicators like the resting metabolic rate (RMR),
which is a surrogate indicator for LEA (Staal et al., 2018). While similar, RMR is not fully synonymous to
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BMR. BMR indicates the amount of energy required to maintain cells and tissues and to maintain a state of
wakefulness and is measured under various conditions, such as immediately after awakening (Siedler et al.,
2023). On the other hand, RMR can be measured at other times of the day and is considered to have greater
clinical applicability (Siedler et al., 2023). However, RMR is influenced by various factors, and current
guidelines (Academy of Nutrition and Dietetics, Evidence Analysis Library, 2014) recommend avoiding the
consumption of stimulants like caffeine for 4 h before measurement, resting in the supine position for 30 min
prior, and maintaining a quiet environment with no temperature fluctuations. The RMR is also decreased under
conditions of chronic energy deficiency (Martin et al., 2007) and athletes with LEA and subclinical EA (< 45
kcal/kg FFM/day) have lower RMR per kg of FFM than those with sufficient EA (Melin et al., 2015). Moreover,
lower RMR or RMR ratios have been reported to be valid surrogate indicators of LEA (De Souza et al., 2007;
Sterringer et al., 2022). Questionnaire methods assessing risk from specific symptoms due to LEA are also
increasingly used (Witko$ et al., 2023).

These methods are much simpler than the actual measurement of EA and are considered useful, motivating
their dissemination to sports fields. In particular, the Low Energy Availability in Females Questionnaire (LEAF-
Q) is broadly considered a useful approach for measuring FAT and RED-S, with a specificity of 90% and
sensitivity of 78% (Melin et al., 2014). This method has been used in endurance athletes such as triathletes
(Witkos et al., 2023) and elite runners (Jesus et al., 2021), elite rock climbers (Monedero et al., 2023), footballers
(Condo et al., 2019), and para-athletes (Pritchett et al., 2021). Furthermore, previous studies have reported LEA
risk rates ranging from 33 % to 46 % (Folscher et al., 2015; Slater et al., 2016), and in other countries, the
LEAF-Q has been used to clarify the actual LEA risk status. Although several studies have reported actual EA
values measured in Japanese athletes (Goshozono et al., 2022; Taguchi et al., 2018; Watanabe et al., 2024), the
measurement of LEA risk using alternative indicators that are easy to use on sports fields has not been
sufficiently investigated in female Japanese athletes. In addition, the simplified assessment indicator-based
actual risk rates have not been sufficiently clarified, and the characteristics of at-risk athletes and associated
factors have not been identified. Therefore, clarifying the prevalence of LEA risk and its associated factors
among Japanese female athletes is essential.

Furthermore, race affects resting metabolism and may influence fluctuations in absolute values and predicted
values Sterringer et al., 2022). Therefore, we deem a survey on the actual state of Asian and Japanese individual-
specific LEA risk necessary. We believe it would be useful to focus on Asian and Japanese athletes using the
alternative indicators LEAF-Q and RMR ratio to clarify the current risk status of LEA in this population and the
characteristics and related factors of female athletes at risk. Therefore, in this pilot study, we aimed to clarify the
characteristics and related factors of female athletes at risk of LEA using the LEAF-Q and RMR ratio, which are
alternative methods for assessing the risk of LEA, in order to contribute to the reduction of the risk of energy
deficiency in Japanese female athletes.

Materials and methods
Participants

Eleven Japanese female university athletes, including eight track and field athletes and three badminton
athletes, participated in this cross-sectional study, with an age: 20.9 £ 1.3 years, height: 160.4 + 6.5 cm, weight:
55.8 + 9.7 kg, body mass index (BMI): 21.6 + 2.9 kg/m’, and competitive experience: 8.1 + 4.0 years. The
participants were determined to be trained/developmental to highly trained according to McKay et al. (2022)
This research was conducted during the normal training period and was carried out from January to March 2023.
The training frequency was 4.7 £ 0.5 times per week, and the weekly training time was 11.7 = 2.8 h/week.
Before the measurements, all study participants were fully informed about the purpose, methods, and risks of the
study, and they provided written informed consent. The study was conducted in accordance with the Declaration
of Helsinki and was approved by the ethics review board of Nippon Sport Science University in Japan (approval
number, No. 015-H62).
Anthropometric and body composition measurements

Physical characteristics including height, weight, body composition (body fat percentage, body fat
mass, and FFM), EA, LEAF-Q scores, and the RMR ratio were measured. Height was measured in units of 0.1
cm by using an analog height scale, and weight was measured in units of 0.1 kg. Body fat mass, body fat
percentage, and FFM were measured using Inbody 430 (Inbody Japan Inc., Tokyo, Japan) for body composition.
Inbody 430 is widely used in 70 countries and is a highly accurate and precise measurement method (Nakanishi
et al., 2019)
Energy Availability and Exercise Energy Expenditure

EA was calculated using the following formula:
EA = (Energy intake [kcal] — Exercise energy expenditure [kcal])/FFM (kg)
EA value is classified into LEA (less than 30 kcal/kg FFM/day) (Loucks & Thuma, 2003), subclinical LEA (30
kcal to 45 kcal/kg FFM/day) (Melin et al., 2019), and sufficient EA (more than 45 kcal/kg FFM/day) (Loucks &
Thuma, 2003). In this study, it was classified into two groups: less than 30 kcal/’kg FFM/day (risk group) and
more than 30 kcal/kg FFM/day (non-risk group).
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Exercise energy expenditure (EEE) was calculated using the Flex-HR method (Ceesay et al., 1989), which
records the heart rate every minute using a heart rate monitor (Polar V800, H10; Polar Japan, Japan) during
training and defines the boundary between resting and exercise. To determine the Flex-HR value and the HR-
VO, relationship, an exercise stress test was conducted using an ergometer (828E; Monark Exercise AB,
Vansbro, Sweden). The participants started exercise, and intensity was increased every 3 min by 30 W until
exhaustion. During the exercise, VO, and VCO, were measured by indirect calorimetry through the breath-by-
breath method using a breath gas analyzer (Aeromonitor AE-300S; Minato Medical & Scientific Corporation,
Tokyo, Japan). The average value of the last minute of each stage was recorded.

The heart rate during exercise stress testing was recorded every minute using a heart rate monitor, and
the value of the last minute of each stage was used. The subjective rate of perceived exertion (RPE) was
confirmed verbally to the participant 1 minute before the end of each stage using the Borg Scale (6-20) (Borg et
al., 1987). The end of the exercise test was determined when two or more of the following four conditions were
met: RPE > 19; heart rate > 190 bpm; respiratory quotient > 1.10; and VO, reaching a plateau (Yoshida et al.,
2015). The Flex-HR value was the average of the maximum heart rate recorded at rest (sitting or standing) and
the minimum heart rate measured during exercise stress. When calculating EEE, if a heart rate below the Flex-
HR value was recorded, the average energy expenditure measured at rest was uniformly inserted. For heart rates
above the aforementioned values, EE was obtained from the HR-EE regression equation from individual exercise
stress tests (Hikihara et al., 2005; Yoshida et al., 2015).

Dietary Energy Intake

Energy intake (EI) was measured for 3 days, including two training days and one off-training day, using
a combination of the food record and photographic methods and nutrition information on food packages. All
consumed foods were recorded as food portions and photographed using a smartphone by participants. The
participants took photos of their meals with a ruler. If there was any remaining food, they took another photo
after they had finished eating. The macronutrients were analyzed using nutritional analysis software (Healthy
Maker Pro 501 software, Mushroom-soft, Okayama, Japan), which conformed to the Standard Tables of Food
Composition in Japan, 2020. From these data, the daily EI, energy-producing nutrient intake ratio, protein intake
per body weight, and carbohydrate intake per day were calculated.

LEAF-Q

The LEAF-Q includes questionnaire three sections on injury, gastrointestinal (GI) function, and
menstrual function; a total score of 8 or higher is considered to indicate a risk for LEA (Melin et al., 2014). The
LEAF-Q scores were used to divide the groups into the risk group (score > 8) and the non-risk group (score < 8).
A section score of > 2 for injuries, > 2 for GI function, and > 4 for menstrual dysfunction was considered to
indicate “at risk” status for each subcategory (Henninger ET AL., 2024). By comparing the risk group and non-
risk groups, we examined the relationship between risk and EA using the simplified assessment method or an
alternative index to LEA.

RMR

The RMR was measured using the indirect calorimetry method, with participants coming to the
laboratory early in the morning in a fasting state for at least 12 h. The participants were kept in a resting state in
the supine position for 30 min (Fullmer ET AL., 2015) with their heart rate monitored (Polar V800, H10; Polar
Japan, Japan) and wearing a gas collection mask. Subsequently, VO, and VCO, were measured in the supine
position for 30 min (Silva et al., 2013) using a breath gas analyzer (Aeromonitor AE-300S; Minato Medical &
Scientific Corporation, Tokyo, Japan) at 19.0-22.0°C. The RMR per day was calculated using Weir’s formula
(Weir, 1949).

The RMR ratio was calculated with the following formula:

RMR ratio = mRMR/pRMR, where mRMR is the actual RMR and pRMR the estimated RMR calculated using
Cunningham’s formula (Cunningham, 1980). This formula, which takes FFM under consideration, is a widely
used formula.

Staal et al. (2018) used the cutoff value of 0.90 for a low RMR ratio. However, the cutoff value of 0.94
has been shown to be appropriate depending on the choice of the RMR prediction formula, and currently, there is
no consensus regarding the use of prediction formulas or cutoff values. Additionally, cutoff values for Japanese
individuals have not been clearly established. Therefore, in this study, the median (50th percentile, 0.95) of the
RMR of the participants was used as the reference value, and the characteristics of the groups with high (n = 5)
and low (n = 4) RMR ratios were analyzed.

Statistical Analysis

IBM SPSS Statistics Version 27 (IBM Japan, Tokyo, Japan) was used for statistical analyses. All data are
presented as mean + standard deviation. Shapiro—Wilk test was used to examine normality. Unpaired t-tests were
used for group comparisons of items for which normality was found in EA, RMR ratio, and LEAF-Q, and
Wilcoxson’s signed rank test was used when normality was not found in EA, RMR ratio, and LEAF-Q. The
statistical significance level was set at p =0.05. The relationships between groups by RMR ratio and LEAF-Q
score were analyzed using fisher’s exact test. The effect sizes were calculated using Cohen’s d and r (Cohen,
1988; Field, 2005). Cohen’s d was defined as a small (0.2—0.5), medium (0.5-0.8), or large (>0.8) effect size.
Forr, 0.1-0.3, 0.3-0.5, and >0.5 were considered small, medium, and large effect sizes, respectively.
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Results

Table 1 shows the overall and comparison results (n = 11) for the risk (n = 4, 36.4%) group including
two track and field athletes and two badminton athletes and the non-risk group (n = 7, 63.6%) based on the
LEAF-Q score. The overall LEAF-Q score was 5.4 + 3.5.

The body composition analysis showed that FFM (%) was 22.8 = 4.9% in the non-risk group and 19.8 +
3.4% in the risk group, with no significant difference but a moderate effect size, and a trend toward lower values
in the risk group. For FFM, a small effect size suggested higher values for the risk group (45.1 £ 6.9 kg) than for
the non-risk group (42.6 £ 47.1 kg). The risk group had a RMR per kg of FFM of 30.3 + 2.7, compared to
33.4+£3.2 for the non-risk group (p = 0.073, large effect size). In addition, the RMR ratio was 0.91 & 0.05 in the
risk group, which was significantly lower than the 0.98 + 0.08 value in the non-risk group (p < 0.05, r =-0.572,
large effect size). Then, the overall average EA was 34.3 + 12.7 kcal/’kg FFM/day. The EA in the risk group was
26.9 + 10.2 kcal/’kg FFM/day, compared to 38.5 = 12.7 kcal/FFM/day in the non-risk group, which showed a
trend toward lower values in the risk group (p = 0.08, r = -0.456, medium effect size).

The overall mean EA was 34.3 + 12.7 kcal/kg FFM/day. There was also a trend toward lower EA values in
the risk group: 26.9 £ 10.2 kcal/’kg FFM/day (p = 0.08, medium effect size; non-risk group: 38.5£12.7 kcal/kg
FFM/day). The EEE was 862 + 351 kcal in the risk group, which was significantly higher than the 565 + 160
kcal in the non-risk group (p < 0.05, d = -1.230, large effect size). Energy intake was 2097 + 551 kcal in the risk
group and 2169 + 369 kcal in the non-risk group, with no statistical difference (p = 0.40, d = 0.165). Meanwhile,
carbohydrate intake per body weight showed a small effect size, but still no statistical difference (p = 0.323, d =
0.299), with the risk group having a lower intake.

The overall LEAF-Q score was 9.0 + 0.8 points in the risk group, which was significantly higher than the 3.3
+ 2.5 points in the non-risk group (p < 0.05, d = 2.730, large effect size). The scores for each section showed a
medium effect size in the injury and menstrual function sections in the risk group and a small effect size in the
GI function section, indicating that the scores in the risk group tended to be higher. On the other hand, one
athlete classified as belonging to the non-risk group had an EA value in the range of 30 kcal’kg FFM/day LEA,

but was not classified as at risk by the LEAF-Q screening.
Table 1. Participant characteristics, energy expenditure, intake, and metabolism in groups based on LEAF-Q scores

. All LEAF-Q score <§ LEAF-Q 28 .
Variable (n=11) (n=7) (n=2) P Effect size

Age (year) 209 = 13 209 = 14 208 = 1.1 p= 043 0.114 -
Height (cm) 1604 =+ 6.5 159.1 £ 5.0 1627 £ 9.0 p=0.21 -0.541 M
Weight (kg 558 + 9.7 556 + 115 56.0 = 69 p= 048 -0.037 -
BMI (kg/m?) 216 = 29 218 + 35 212 = 1.8 p= 037 0.223 S
FM (%) 21.7 + 45 228 + 49 198 + 34 p=0.15 0.688 M
FM (kg) 123 + 4.1 131 =+ 50 11.0 = 1.3 p=0.22 0.503 M
FFM (kg) 435 + 6.8 426 =+ 7.1 451 = 6.9 p=0.29 -0.352 S
REE (kcal/day) 1389 + 167 1408 + 185 1356 + 149 p=0.32 0.303 S
REE/FFM (kcal/kg/day) 322 + 33 334 + 32 303 £ 2.7 p=0.07 0.997 L
RMR 4450 096 =+ 0.08 098 + 0.08 091 £ 0.05 p<0.05 r=-0572 L
EA (kcal/day) 343 = 127 385 £ 127 269 + 102 p=0.08 r=-0456 M
EEE (kcal/day) 673 + 273 565 + 160 862 + 351 p< 0.05 -1.230 L
EI (kcal/day) 2143 £ 417 2169 + 369 2097 = 551 p= 0.40 0.165 S
Protein/weight (g/kg/day) 14 + 03 14 =+ 04 14 £+ 02 p= 0.50 r=-0.057 -
Carbohydrate/weight (g/kg/day) 55 = 0.8 55 + 0.8 53 = 1.0 p=0.32 0.299 S
LEAF-Q score 54 + 35 33 £+ 25 9.0 £ 08 p< 0.01 2.730 L

Injury score 20 +£ 26 .1+ 23 35 £ 29 p=0.16 r=-0466 M

Gastrointestinal score 1.7 + 18 14 =+ 14 23 £ 26 p=0.79 =-0.117 S

Mensutrual score 1.6 + 25 07 + 15 33 = 34 p= 0.16 =-0466 M

Data are presented as mean + SD. Effect size (S, small; M, middle; L, large)
BMI, body mass index; FM, fat mass; FFM, fat-free mass; REE, resting metabolic rate; RMR ratio, the ration between the predicted and measured RMR using the
Cunningham equation; EA, energy availability; EEE, exercise energy expenditure; EI, energy intake; LEAF-Q, low energy availability in females questionnaire

Table 2 shows the comparison between the two groups based on the median (50%ile) RMR ratio (0.95).
With the exception of the two participants whose RMR ratio was at the median, the nine participants were
divided into a group with a low RMR ratio (n = 4, including two track and field athletes and two badminton
athletes) and a group with a high RMR ratio (n = 5, including four track and field athletes and one badminton
athlete).

The FFM showed a larger effect size in the low-RMR ratio group compared to that in the high-RMR
ratio group (p = 0.069, d =-1.122). The BMI also showed a larger effect size (p = 0.133, d = -0.812), suggesting
that the FFM and BMI in the low-RMR ratio group may be higher than those in the high-RMR ratio group. The
RMR per 1 kg of FFM was 34.8 + 2.6 kcal/kg/day in the high-RMR ratio group and 29.1 + 1.2 kcal/kg/day in the
low-RMR ratio group (p < 0.01, d = 2.693, large effect size), indicating that the low-RMR ratio group had a
significantly lower RMR. In addition, the RMR ratio was significantly lower in the low-RMR ratio group (p <
0.01, r = -0.820, large effect size).
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Table 2. Participant characteristics, energy expenditure, intake and metabolism in groups based on RMR ratio

Variable RMRratio > 0.95 RMR ratio < 0.95 P Effect size
(n=5) (n=4)

Age (year) 206 + 1.2 218 = 1.3 p= 0.09 1.003 L
Height (cm) 1582 + 4.0 1603 + 6.3 p=0.28 0.407 S
Weight (kg) 525 + 9.0 604 + 11.1 p=0.14 0.796 M
BMI (kg/m®) 209 + 32 233 + 25 p=0.13 -0.812 L
FM (%) 223 + 55 214 + 43 p=0.40 0.181 -
FM (kg) 120 + 45 132 + 5.1 p= 035 -0.265 S
FFM (kg) 40.5 + 5.6 472 = 63 p= 0.07 -1.122 L
REE (kcal/day) 1405 =+ 193 1371 + 155 p=0.39 0.191 -
REE/FFM (kcal/kg/day) 348 + 2.6 29.1 = 1.2 p< 0.01 2.693 L
RMR 440 1.01 + 0.08 089 + 003 p<0.01 r=-0.820 L
EA (kcal/day) 39.6 + 153 292 =+ 8.8 p= 0.2l r=-0327 M
EEE (kcal/day) 537 + 166 859 + 367 p= 0.06 -1.190 L
EI (kcal/day) 2098 + 293 2239 + 387 p=0.28 -0.417 S
Protein/weight (g/kg/day) 14 + 05 1.5 + 0.1 p=0.21 r=0327 M
Carbohydrate/weight (g/kg/day) 58 + 07 51 £ 06 p= 0.08 1.046 L
LEAF-Q score 30 £ 26 65 =+ 34 p< 0.05 1.323 L

Injury score 12 £ 27 23 £ 1.7 p= 041 r=-0358 M

Gastrointestinal score 1.0 + 1.0 33 £ 22 p= 0.11 r=-0.545 L

Mensutrual score 0.8 + 1.8 1.0 + 14 p= 0.73 r=-0.187 S

Data are presented as mean + SD. Effect size (S, small; M, middle; L, large)

BMI, body mass index; FM, fat mass; FFM, fat-free mass; REE, resting metabolic rate; RMR ratio, the ration between the predicted and

measured RMR using the Cunningham equation; EA, energy availability; EEE, exercise energy expenditure; EI, energy intake; LEAF-Q,

low energy availability in females questionnaire

The group with low-RMR ratio had an EA of 29.2 + 8.8 kcal’kg FFM/day which was as LEA and the
group with high RMR ratio an EA of 39.6 + 15.3 kcal/kg FFM/day which was as subclinical EA (p = 0.206),
with a medium negative effect size (r = -0.327). Meanwhile, the EEE and EI, which are both components of EA,
were 859 + 367 kcal/day and 2239 + 387 kcal/day in the group with low RMR ratio, respectively, and 537 + 166
kcal/day and 2098 + 293 kcal/day in the group with high RMR ratio. No significant differences were observed,
but EEE showed a moderate effect size, while EI showed a small effect size, and both EEE and EI were higher in
the low-RMR ratio group.

Furthermore, the protein intake per body weight showed a medium effect size, with the low-RMR ratio group

(1.5 £ 0.1 g/kg/day) showing higher intake than the high-RMR ratio group (1.4 + 0.5 g/kg/day). On the other
hand, there was a trend toward lower carbohydrate intake in the low-RMR ratio group, with a difference between
the low-RMR ratio group and the high-RMR ratio group (p = 0.082, r = 1.046).
The overall LEAF-Q score was significantly higher in the low-RMR ratio group (6.5 £+ 3.4 points) than in the
high-RMR ratio group (3.0 + 2.6 points) (p < 0.05, d = 1.323, large effect size). The scores for each section
showed a medium effect size for the injury section in the low-RMR ratio group, a large effect size for the GI
function section, and a small effect size for the menstrual function section, with a trend toward higher scores for
all items in the low-RMR ratio group.

Discussion

The risk group (score > 8) based on the LEAF-Q score showed lower EA values than the non-risk
group, and it was considered that the risk group might have higher EEE and lower body fat percentage and FFM.
These results suggest that high energy expenditure due to high exercise volume and high FFM related to energy
expenditure cause low EA, which results in low body fat mass and fat percentage and may be a characteristic of
female athletes at risk for LEA. Additionally, the LEAF-Q score may not only help understand the physiological
symptoms associated with LEA, but also suggest a potential association with its risk factors (LEA and low body
fat percentage related to sex hormone secretion).
Furthermore, the low-RMR ratio group showed high FFM and BMI, consistent with previous studies. Ikegami et
al. (2022) reported that athletes exhibiting LEA have high weight and body fat percentage. Body weight and EA
have also shown inverse correlations in other studies (Klein et al., 2023; Magee et al., 2020). Furthermore,
larger-bodied athletes may have difficulty meeting their energy requirements (Klein et al., 2023). In this study,
the group with lower RMR also had LEA and high FFM and BMI. These results suggest that athletes with larger
bodies and higher FFM may be more likely to be at risk for LEA, related physiological symptoms, and reduced
metabolic rates. Conversely, other studies found no significant relationship between the RMR ratio and EA Moss
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et al., 2021; Rogers et al., 2021). Thus, there are cases with no clear conclusion regarding the risk of energy
deficiency and decreased metabolic rate. Based on this, Sterringer et al. (2022) suggested that some people do
not show metabolic suppression during acute or mild EA decline. Therefore, in the future, both cross-sectional
and longitudinal studies using LEAF-Q scores and the RMR ratio are warranted. It is also necessary to examine
differences in the effects on LEAF-Q scores and the metabolic rate depending on the presence or absence of
chronic LEA as well as changes over time. Additionally, the risk group showed a decline in the metabolic rate,
with a low RMR per kg of FFM and a low RMR ratio; therefore, we considered that the LEAF-Q score could be
related to the risk of a decreased metabolic rate. Furthermore, Staal et al. (2018) reported that female dancers
who scored >8 points in the LEAF-Q and were in a state of energy deficiency had a low RMR ratio. Therefore,
LEAF-Q may be used simultaneously to screen for decreases in the RMR ratio and EA. In this study, differences
in the RMR ratio were also observed depending on whether there was a risk based on the LEAF-Q score. LEAF-
Q may also be used to screen for decreased RMR ratio in Japanese female university athletes. In a physiological
response to LEA, the hypothalamic—pituitary—thyroid axis adapts to reduce energy expenditure (Misra &
Klibanski, 2014). In an intervention experiment wherein EA was adjusted to 10, 20, 30, or 45 kcal/’kgFFM/day
(Loucks & Thuma, 2003), the thyroid hormone T3 level decreased under the conditions of <30 kcal/’kgFFM/day.
In this study, the group at risk of LEA also had a low average EA under 30 kcal’kgFFM/day (26.9
kcal/kgFFM/day), suggesting that LEA may affect the endocrine system, such as T3 levels, possibly leading to a
decreased metabolic rate. However, this cross-sectional pilot study did not include hormone levels, and further
investigations including hormone levels are necessary.

Regarding nutritional intake, the two groups classified by RMR ratio in this study had average protein
intakes per body weight that met the American College of Sports Medicine recommendation of 1.2-2.0 g/kg
(Thomas et al., 2016). However, the amount of carbohydrate per body weight was not sufficient, with all groups
averaging less than 6 g/kg, compared to the International Olympic Committee’s recommendation of 6—10 g/kg
for athletes performing 1-3 h per day of moderate-to-high intensity practice (Burke et al., 2011). No significant
difference was found in the EI of Japanese female athletes with amenorrhea compared with that of female
athletes with normal or irregular menstruation (Koshimizu et al., 2016). In this study, there was also no
significant difference in EI between the two groups, and carbohydrate intake per body weight was insufficient. In
a recent review, it was proposed that low carbohydrate intake may not only contribute to LEA, but also have
independent health and performance consequences in athletes (Lodge et al., 2023). Koshimizu et al. (2016)
indicated that LEA athletes need to be careful about their intake of staple foods. Therefore, while EEE is also a
risk factor for LEA, if a risk for LEA or a decrease in the metabolic rate is observed, an El-increasing
intervention that focuses on carbohydrate intake may be necessary to improve LEA in cases where it is difficult
to adjust exercise.

The average EA (34.3 kcal’kg FFM/day) in this study was similar to that reported in previous studies
involving female Japanese athletes (30.1-33.9 kcal’kg FFM/day 1) (Goshozono et al., 2022; Taguchi et al.,
2018). In Japanese studies, including this study, the average EA was between LEA and subclinical EA; however,
a minimum of 45 kcal/’kg FFM/day is currently considered sufficient for maintaining performance as an athlete,
suggesting that the average EA of Japanese female athletes may be insufficient. Furthermore, the percentage of
the risk group (score> 8) classified according to the LEAF-Q score is 36.4 %, which was similar to the risk rates
reported in other studies (33%—46%) (Folscher et al., 2015; Slater et al., 2016). Therefore, we believe that it is
necessary to evaluate the risk of LEA using simple assessment methods that can be used in sports settings in
Japan and to actively use this screening method to prevent FAT.

Limitations

The number of participants in this pilot study was small and possibly insufficient to examine
effectiveness, warranting studies with more participants in the future. In addition, the participants were athletes
of two different sports, and it will be necessary to evaluate the results based on the characteristics of each sport,
such as sprint, endurance, and power sports. Furthermore, compared to Western diets, Japanese diets use
different ingredients and cooking methods, often making them more complex, and the EI of athletes is often
underestimated (Yoshida et al., 2012).°" In this study, discrepancies in EA evaluation may have occurred due to
underestimation of EI. However, Kinoshita et al. (2021) demonstrated that it is impractical to use prepared meals
to improve the accuracy of free-living athletes. Therefore, in this study, we tried to reduce the error by using the
photograph method in addition to the food record method, which has been used for nutritional surveys of
athletes. Moreover, we observed one LEA athlete with an EA < 30 kcal/kgFFM/day in the non-risk group,
therefore LEAF-Q does not allow identifying all athletes at risk. Therefore, it may be necessary to conduct
comprehensive risk assessments of LEA by considering indicators such as BMI, FFM, and metabolic indexes
such as the RMR ratio. Further studies are needed to investigate potential applications to sports settings.

Finally, it is unclear whether the cutoff values for the LEAF-Q and RMR ratio directly apply to the
Japanese population, since the RMR and body size differ between foreign and Japanese individuals. Sterringer et
al. showed that race may affect the RMR and cause variability in measurements and estimates (Sterringer et al.,
2022). Further research related to LEA risk that accounts for race, including the Japanese and Asian populations,
is needed.
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Conclusions

This study clarified the risk of LEA in Japanese female athletes using LEAF-Q scores and RMR ratios.
The results showed that the risk rate was similar to that in other countries, and that it is not uncommon for
female Japanese college athletes to be at risk. Risk classification using the LEAF-Q score showed that EA was
low in the risk group with a score >8, and a low body fat percentage was observed in this group. Comparisons to
the non-risk group allowed the identification of risk factors leading to LEA, such as high exercise energy
expenditure (EEE). The low-RMR ratio group showed low EA and high EEE, suggesting a relationship with risk
factors. The body mass index and fat-free mass were higher in the low-RMR ratio group than in the high-RMR
ratio group, suggesting that larger-bodied athletes may be at higher risk of LEA.

In addition, carbohydrate intake per body weight may be associated with the risk of LEA,
In this study, we used the alternative indicators LEAF-Q and RMR ratio, the actual prevalence of LEA risk and
the factors associated with it among Japanese female college student athletes, and demonstrated that factors such
as high EEE, larger body size, and low carbohydrate intake might be associated with the risk of LEA. Our results
would provide potentially useful information related to future LEA prevention strategies for female college
student athletes. However, as this was a pilot study, future studies should aim at evaluating the risk in more
participants by competitive level and sport category, and performing more detailed risk factor assessment.
Moreover, coaches should conduct simplified, regular surveys to facilitate LEA risk monitoring and timely
implementation of preventive interventions in real-world sports settings.
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