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ABSTRACT

Background: Relative Energy Deficiency in Sport (RED-S) occurs when there is an imbalance between energy intake and expenditure, impacting
athletes' health and performance. The Low Energy Availability in Females Questionnaire (LEAF-Q) is a widely used validated screening tool for
RED-S in athletes, assessing early symptoms of energy deficiency in women with 90% specificity and 78% sensitivity, making it easy and
inexpensive to implement. Aim And Objectives: The study aims to evaluate the prevalence of RED-S among adult female club-level swimmers
using the LEAF-Q. It aims to identify the proportion of swimmers at risk, assess symptoms, and analyse the relationship between body composition
and RED-S risk. The study also aims to identify differences in RED-S risk among different age groups. Methods: A survey-based cross-sectional
study was conducted on 118 adult female club-level swimmers from Mumbai. Participants completed the LEAF-Q, with additional data collected
on age, body composition (BMI), and related symptoms. Results: More than half of the swimmers (58.47%) are at risk of RED-S. A total of 69
swimmers are classified as at risk of RED-S, with 97.46% reporting symptoms linked to injury risk. Menstrual irregularities affect 43.22%, while
38.14% report gastrointestinal issues. A negative correlation is observed between BMI and LEAF-Q scores, indicating a higher risk with normal
body composition. Conclusion: The study concludes that a significant proportion of adult female club-level swimmers are at risk of RED-S these
findings emphasize the need for increased awareness and preventive strategies to address RED-S in female swimmers.
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INTRODUCTION:

The importance of proper fueling for sport has been emphasised as a
cornerstone of athletic health and performance for decades. In 1992,
the American College of Sports Medicine (ACSM) introduced the
Female Athlete Triad, describing disordered eating (DE), amenorrhea,
and osteoporosis in physically active women."” Over time, the ACSM
revised this model to reflect a continuum, where athletes could
experience low energy availability (EA), functional hypothalamic
amenorrhea, and osteoporosis at any point along the spectrum.”
Research identified low EA as the key driver of the Triad, affecting
physiological functions like growth, muscle recovery, and
homeostasis." In 2014, The 10C introduced RED-S in 2014, a
condition resulting from inadequate energy intake for sports, affecting
metabolic rate, menstrual function, bone health, immunity, and
cardiovascular health.”’ The 10C updated its definition of RED-S in
2018 to highlight that it can arise from insufficient calorie intake and
high energy demands in sports.” The 2023 10C consensus further
emphasized the harmful effects of RED-S, including decreased energy
metabolism, increased injury risk, impaired recovery, and reduced
athletic performance, along with psychological effects like anxiety,
depression, and poor concentration both in and out of the sport.” In
summary, RED-S is a complex syndrome that significantly affects both
the physical and mental health of athletes. Among club-level adult
female swimmers, who display remarkable determination and
athleticism, RED-S presents a hidden challenge. Swimming is unique
for its aquatic environment, from reaction speed to proper joint
movement while also requiring higher energy due to the resistance of
water.". This study investigates the presence of RED-S among adult
female club-level swimmers using the LEAF-Q. LEAF-Q has a 90%
specificity and 78% sensitivity in identifying RED-S.” The LEAF-Q is
easy and inexpensive to implement, making it the most widely used
validated screening tool for determining the risk of LEA. "

Aim: To assess the prevalence of RED-S amongst adult female club-
level swimmers using the LEAF-Q.

Objectives:

1. To identify the percentage of adult female club-level swimmers
who are atrisk of RED-S based on LEAF-Q scores.

2. To identify the percentage of adult female club-level swimmers
reporting menstrual disturbances, injuries, and gastrointestinal
disturbances based on their LEAF-Q scores.

3. To analyse the relationship between body composition (BMI) and
LEAF-Q scores.

4. To identify the difference in RED-S risk among swimmers in
differentage group (18-25,25-30,30-35,35-40

MATERIALS & METHODOLOGY:

This cross-sectional survey-based study was conducted to assess
RED-S prevalence among adult female swimmers in Mumbai. Ethical
approval was obtained from the Institutional Ethics Committee at D.Y.
Patil School of Physiotherapy. Participants met inclusion criteria and
were informed about the study's purpose. Data was collected using the
25-item LEAF-Q tool, demographic data, and a score of 8 or higher
indicates low energy availability.

Inclusion Criteria:

1. Femaleswimmers aged 18-40 years.

2. Atleastone year of consistent club level swimming experience.
3. Minimum 5 hours of weekly swimming training.

4. Informed consentrequired.

Exclusion Criteria:
1. Pregnant or breastfeeding female swimmers.
2. Current hormonal birth control users.

RESULTS:

Among the 118 swimmers who participated in this study, all were
females. The swimmers mean age was 25.47 + 5.96 years. The
maximum participation of 59.32% was from the age group of 18-25
years. The mean body mass index of swimmers was 20.66 + 4.76
kg/m’.

No risk
41.53%

Atrisk
58.47%

Figure 1: Prevalence of RED-S based on their LEAF-Q scores

Interference:
Based on LEAF-Q scores [> 8 are at risk of RED-S], more than half of
the swimmers (58.47%) were atrisk of RED-S.
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Figure 2: Prevalence of RED-S Injury incidence, Gastrointestinal
function and Menstrual status

Inference:

The study revealed that 97.46% of swimmers experienced injury-
related symptoms, while 38.14% experienced gastrointestinal
disturbances and 43.22% experienced menstrual disturbances.

Table 1: Association of BMI groups with prevalence of RED-S
based on their LEAF-Q scores
2

RED-S |Under |% Nor (% Overw|% Tota|x™ |p-
weight mal eight 1 value

No risk |22 4490119 |38.78 |8 16.33149 |0.40|0.818
Atrisk (27 39.13130 |43.48 |12 17.39(69 |10 |0
Total |49 41.53 49 |[41.53 |20 16.95[118
Inference:

A chi-square value of 0.4010 with a p-value of 0.8180 shows no
significant relationship between BMI and RED-S prevalence in
individuals, with 44.90% underweight, 38.78% normal, and 16.33%
overweight at no risk, and 39.13%, 43.48%, and 17.39% at risk, based
on LEAF-Q scores.
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Figure 3: Association between age groups with prevalence of RED-S
based on their LEAF-Q scores

Inference:
Swimmers aged 18-25 had the highest risk, with 62.32% at risk. In
contrast, 18.84% of swimmers aged 26-30 and 31+ were at risk.

DISCUSSION:

To the best of our knowledge, this is the first study to specifically
investigate the prevalence of RED-S risk among adult female club-
level swimmers using the LEAF-Q. Swimming is an endurance-based
sport with high training volumes and potential nutritional challenges,
making swimmers particularly vulnerable to energy deficiencies. Our
findings revealed a concerning prevalence of RED-S risk, with over
half of the participants (58.47%) falling into the risk category. These
findings are consistent with previous studies among national to world
class middle/long-distance runners and race walkers (52.8%) "',
European cross-country athletes (64.3%) ", and pre-professional,
professional, and advanced amateur level dancers from 27countries
(54.2%) ", National Athletes in Malaysia (67.2%) ", recreational
exercisers (44.9%) . However, different studies used different
methodologies to estimate the prevalence of LEA and RED-S since
there is no gold standard method of measurement . The study aimed to
determine the frequency of symptoms associated with RED-S, 97.46%
of swimmers at risk experienced injury symptoms, primarily in their
shoulders, knees, and neck due to repetitive and high-intensity
training. Gastrointestinal disturbances were common such as bloating
and gaseous abdomen after extended training hours, affecting 38.14%
of swimmers, while 43.22% experienced menstrual disturbances
ranging from missed menses to inconsistent cycles often associated
with changes in training intensity. The study highlights the complex
effects of RED-S on swimmers, highlighting health issues beyond

performance. It emphasizes the importance of maintaining proper
nutrition and energy levels for female swimmers' health, longevity, and
athletic careers. The study found a complex relationship between body
composition and RED-S risk, with the highest LEAF-Q scores found
in swimmers within normal weight range. This contradicts the belief
that RED-S is solely for underweight athletes and emphasizes the
importance of screening for RED-S risk across all BMI categories. The
study also analysed the risk of RED-S among swimmers aged 18-25,
25-30, 30-35, and 35-40. It found that RED-S affects older swimmers
as well. The study emphasizes the significance of energy balance in
athletes' careers, highlighting the need for age-specific interventions
and management strategies to prevent and manage RED-S, a condition
affecting athletes' performance and overall health.

CONCLUSION:

The study highlights the importance of early detection strategies for
RED-S risk in club-level swimmers, emphasizing the need for
education and early intervention to prevent long-term health
consequences.

Future Scope:
1. The study can be conducted on larger population.
2. Canbe correlated between training variables.
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