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Proper nutrition for sports and physical activity has been a focal 

point of athlete health. The term Female Athlete Triad helped 

describe physically active women who presented with 

disordered eating, amenorrhea, and osteoporosis. However, the 

term Relative Energy Deficiency in Sport (RED-S) is now used to 

capture wider health consequences secondary to low energy 

availability (LEA). Low Energy Availability in Females 

Questionnaire (LEAF-Q) has been used to assess LEA. Although 

the prevalence of disordered eating behavior can tend to be 

high among those who are screened using the questionnaire, 

inadequate food availability, including food insecurity (FI) may 

also contribute to low energy availability. In 2015, 30% of 

households living in Los Angeles County, reported to be food 

insecure.

The purpose of this observational study is to evaluate a possible 

association between food insecurity and low energy availability 

among high school female athletes within underserved Los 

Angeles communities. Our hypothesis is that there will be a 

statistically significant association between food insecurity and 

low energy availability, controlling for confounding variables. To 

our knowledge, there are no other studies that look directly 

into food insecurity as a contributing factor to low energy 

availability within high school athletes.

Abstract

Conclusions

• Clearance from full board IRB review obtained
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• Implement survey for data collection

• Data analysis

• Linear and adjusted logistic regression models and

report F, regression coefficient (B), R2, adjusted

Beta (B) for multivariable analysis.

• 95% Confidence Intervals (CI), and p values equal or

less than 0.05 as the level of significance.

• Reporting

References

1.     Ackerman, K.E., et al., Low energy availability surrogates correlate with health and 
performance consequences of Relative Energy Deficiency in Sport. Br J Sports Med, 2019. 
53(10): p. 628-633.

2. Nattiv, A., et al., American College of Sports Medicine position stand. The female athlete triad.
Med Sci Sports Exerc, 2007. 39(10): p. 1867-82.

3. De Souza, M.J., 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(4): p. 289.

4. Mountjoy, M., et al., The IOC consensus statement: beyond the Female Athlete Triad--Relative 
Energy Deficiency in Sport (RED-S). Br J Sports Med, 2014. 48(7): p. 491-7.

5. Ihle, R. and A.B. Loucks, Dose-response relationships between energy availability and bone 
turnover in young exercising women. J Bone Miner Res, 2004. 19(8): p. 1231-40.

6. Tayne, S., et al., Female Athlete Triad and RED-S, in The Sports Medicine Physician, S. Rocha 
Piedade, et al., Editors. 2019, Springer International Publishing: Cham. p. 395-411.

7. McNulty, K.Y., et al., Development and validation of a screening tool to identify eating 
disorders in female athletes. J Am Diet Assoc, 2001. 101(8): p. 886-92; quiz 893-4.

8. Martinsen, M., et al., The development of the brief eating disorder in athletes questionnaire.
Med Sci Sports Exerc, 2014. 46(8): p. 1666-75.

9. Melin, A., et al., The LEAF questionnaire: a screening tool for the identification of female 
athletes at risk for the female athlete triad. Br J Sports Med, 2014. 48(7): p. 540-5.

10. Burke, L.M., et al., Relative Energy Deficiency in Sport in Male Athletes: A Commentary on Its 
Presentation Among Selected Groups of Male Athletes. Int J Sport Nutr Exerc Metab, 2018. 
28(4): p. 364-374.

11. Los Angeles County Department of Public Health, O.o.H.A.a.E. Food Insecurity in Los Angeles 
County. 2017, September; Available from: 
http://publichealth.lacounty.gov/ha/docs/2015LACHS/LA_Health_Briefs_2018/FoodInsecurity
_REV2018.pdf.

12. Alisha Coleman-Jensen, C.A.G., and Matthew P. Rabbitt. Definitions of Food Security. 2019, 
September; Available from: https://www.ers.usda.gov/topics/food-nutrition-assistance/food-
security-in-the-us/definitions-of-food-security/.

13. Mello, J.A., et al., How is food insecurity associated with dietary behaviors? An analysis with 
low-income, ethnically diverse participants in a nutrition intervention study. J Am Diet Assoc, 
2010. 110(12): p. 1906-11.

14. Gundersen, C., et al., Brief assessment of food insecurity accurately identifies high-risk US 
adults. Public Health Nutr, 2017. 20(8): p. 1367-1371.

15. Hager, E.R., et al., Development and validity of a 2-item screen to identify families at risk for 
food insecurity. Pediatrics, 2010. 126(1): p. e26-e32.

• The term Female Athlete Triad, was introduced in the early 1990’s 

to describe a phenomenon occurring in physically active women 

who presented with disordered eating, amenorrhea and 

osteoporosis.[1] With the collection of more information and 

data, the Triad model was then revised to reflect a continuum 

along the interrelationship between energy balance, bone health, 

and hormonal health. Athletes could present on any point from 

normal to pathologic within these core domains.[2] This revision 

again heavily emphasized that the pathologic trigger stemmed 

from poor energy availability.[3]

• Initially, poor energy availability tended to be focused primarily 

on these physiological systems. However, emerging research 

began to show a much wider range of health consequences 

secondary to low energy availability. To reflect these broad 

effects, a new syndrome known as Relative Energy Deficiency in 

Sport (RED-S) had been defined by the International Olympic 

Committee.[4] It is now thought that low energy availability may 

pose serious consequences to various organ systems beyond those 

that were originally described within the Triad model.[1, 2, 5] 

• The LEAF-Q was designed to focus on self-reported physiological 

symptoms linked to persistent energy deficiency, with or without 

disordered eating behavior/eating disorder (DE/ED).[9] Although 

the prevalence of DE/ED can tend to be high among those who are 

screened using the questionnaire, inadequate food availability, 

including food insecurity may also contribute risk low energy 

availability.[9, 10] According to the USDA, a household can be 

considered food insecure if it experiences either of the following: 

1. A reduction in the quality, variety, or desirability of diet with 

little to no indication of reduced food intake or 2. Disrupted 

eating patterns and reduced food intake.[11, 12] The diets of 

food insecure families and individuals tend to be less expensive 

and of low nutritional value therefore subjecting them to poorer 

health outcomes.[13] 

• Among those households living in Los Angeles County, in 2015 30% 

reported to be food insecure.[13] Data suggests that single parent 

Black or Hispanic households with young children and incomes 

below the federal poverty line are at increased risk for food 

insecurity.[14]  Children within these households are at risk for 

developing long term poor health and developmental outcomes 

.[14] Traditionally, an 18-item US Household Food Security Scale 

(HFSS) was used by clinicians to help identify at risk children. 

However, its complex scoring system and time-consuming 

administration pushed for a more efficient method of 

screening.[15] In 2010, Drs. Erin Hager and Anna Quigg and the 

Children’s HealthWatch team developed a validated 2-question 

food insecurity screening tool based on the HFSS known as the 

Hunger Vital Sign™, making the assessment more practical in the 

clinical setting.[15]

Background

Eligibility Criteria

Inclusion

• Female participants ages 13-19;

• Currently participating in a high school sport;

• Read and speak in English;

Exclusion

• Inability to speak, read, or understand English;

• Females who are currently pregnant;

• Males;

• Not participating in a sport

Low Energy Availability Association with Food Insecurity Within High School Athletes 
in Underserved Communities in Los Angeles

• No other studies look directly into food 

insecurity as a contributing factor to LEA within 

high school athletes

• Study data could help guide LEA screening 

among adolescent female athletes suffering 

from food insecurity

Methods

• The study will be conducted as a cross-sectional survey

study with approximately enrolling 200-300 female

athletes.

• Recruitment site: West Coast Sport Medicine Clinic

• Non-profit organization

• Provides high school athletes an opportunity to

participate in interscholastic sports and have access

to sports medicine care

• Study survey: 33-items via REDCap

• Primary Outcome = LEA measured by LEAF-Q

• Sensitivity 78%, specificity 90%

• Injury reporting: 2-item, Likert-type scale

• Gastrointestinal function: 4-item, Likert-type scale

• Menstrual function: 12-item, dichotomous and

Likert-type scales

• Total score ≥ 8 is considered as an increased risk for LEA.

• Predictor variable = Food insecurity, measured by

Hunger Vital Sign

• Sensitivity 96.7% and specificity 86.2%

• Food insecurity positive with ‘often true’ or

‘sometimes true’ answers to one or both questions

• Confounding variables

• Self-reported subjective physical and mental health

status

• Sleep hygiene

• Ethnicity

• Current sport participation type

• Training frequency and volume
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