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Abstract 
International Journal of Exercise Science 19(2): 2016, 2026. Chronic low energy availability (LEA) 
describes inadequate energy intake relative to expenditure and underlies Relative Energy Deficiency in Sport 
(REDs), impairing physiological health and athletic performance. This study examined relationships between 
both anthropometry and body composition, cardiovascular function, and sleep quality in collegiate athletes with 
LEA-associated symptoms. A total of 109 collegiate athletes (Males = 43, females = 66) underwent anthropometric 
analysis (BOD POD), resting cardiovascular assessment, and Pittsburgh Sleep Quality Index (PSQI) questionnaire. 
Mann-Whitney U-tests assessed sex differences in cardiovascular function, anthropometry, and sleep quality. 
Spearman rank correlations (ρ) evaluated associations between anthropometric indices and cardiovascular and 
sleep outcomes. Males exhibited greater anthropometric measures (p < 0.01) and blood pressure (p < 0.001) than 
females. Global PSQI scores indicated poor sleep quality in both sexes (males: 5.9 ± 2.7; females: 5.7 ± 2.4), with no 
significant sex differences. In females, anthropometry was positively correlated with blood pressure (p < 0.01). In 
males, greater anthropometric measures were positively associated with blood pressure and resting heart rate (p 
< 0.05). Of the population studied, 19% of males and 29% of females presented with a clinically low %BF; 49% of 
males and 47% of females had bradycardia; 16% of males and 55% of females had hypotension; and 67% of males 
and 62% of females had poor sleep quality. Symptoms associated with LEA are prevalent in male and female 
collegiate athletes and suggest the need for closer monitoring to ensure athletes optimal health and performance.
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Introduction
Relative Energy Deficiency in Sport (REDs) is a term defined as chronic low energy availability 
(LEA),1 a state where the body experiences prolonged (weeks – months) energy deficit.2 LEA can 
manifest due to inadvertent or planned reduction in energy intake that is insufficient to support 
physiological demands.3 Symptoms associated with chronic low energy intake include decreased 
metabolism, impaired reproductive/hormonal function, compromised bone health, impaired 
cardiovascular functioning, and decreased immunity.4 Poor sleep quality and psychological 
health disorders (anxiety, depression, and disordered eating behavior) are also commonly 
associated with REDs.5 The development of LEA is in direct relation to the amount of fat-free 
mass of an athlete1. Different sports have different anthropometric requirements that should 
be considered on an individual basis.6 Nevertheless, adipose tissue is a vital endocrine organ.7 
17% body fat (BF) in females has been stated as critical for achieving menstrual function.8 The 
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current consensus towards establishing a healthy %BF for male’s ranges from 10-22% and 20-32% 
for females.9 However, it is important to note athletes may exist above or below these normative 
values. University athletes are often thought to have superior health to their non-athletic 
peers.10 However, when intense exercise routines are coupled with inadequate energy intake, 
as in the case chronic LEA, the potential of developing cardiovascular complications increases.11 
Bradycardia and hypotension have been associated with chronic to LEA.12 Hypotension caused by 
autonomic dysfunction can lead to deleterious performance and health outcomes for exercising 
individuals.13 Bradycardia below normal training adaptation is associated with chronic LEA.2 
Furthermore, an athlete’s Blood pressure (BP) and mean arterial pressure (MAP) provide insight 
into an athlete’s cardiovascular function. MAP is the product of cardiac output and systemic 
vascular resistance, which are modulated by other variables imperative to health.14 Moreover, 
the underlying etiology of both REDs and Over training Syndrome is LEA.3 This relationship has 
provoked further investigation into aspects of the cardio autonomic response. Heart rate variability 
(HRV) can provide valuable insight into how athletes manage exercise stress in addition to other 
psychophysiological strain.15 Furthermore, sleep is a critical component of recovery and athletic 
performance for athletes, a decreased sleep quality can lead to psychological and physiological 
disturbances that negatively impact performance.16 Sleep disturbance in athletes is a common 
indicator of REDs, along with increased risk of depression and anxiety.17 Chronic LEA, and the 
individual or synergistic manifestation of the aforementioned symptoms can lead to performance 
decrements. Moreover development of these symptoms can increase athletes’ risk of injury and 
health problems.4 Subtle symptomology may lead medical practitioners to identify differential 
diagnoses before addressing an athlete’s energy availability needs.5 Thus, it can be challenging to 
accurately diagnose LEA promptly. Also, the limited use of standardized risk assessment protocols, 
makes it difficult to discern the true risk of LEA within university athlete populations.11 The current 
study aimed to identify relationships between indices of anthropometry (height, weight and BMI), 
and body composition (body fat and fat free mass), and both cardiovascular function and sleep 
quality within a colligate athletes as these indices can be revealing into symptoms associated with 
LEA and or REDs. Additionally, the study seeks to quantify the number of athletes that present with 
at least one clinically associated symptom. Assessing body composition, cardiovascular function 
and sleep quality offers coaches and practitioners’ field-based monitoring techniques.   

Methods

Participants
A sample size of ≥89 participants was determined to be acceptable when using a computer 
software program (G*Power 3.1) that incorporated the conventional α error probability of 0.05 
and a power of (1-β error probability) 0.85 and sleep quality in female varsity soccer players.18 The 
effect size was revealed to be 0.27. A total of 109 student athletes (male = 43 | female = 66) from a 
Canadian University provided written informed consent. The investigation was approved by and 
followed the recommendations of the institutions Research Ethics Board, and all procedures were 
conducted in accordance with the ethical standards set by the Helsinki Declaration. Participants 
must have been an active member of the university’s varsity team. Athletes were recruited 
from five varsity athletic teams: Men’s and Women’s Soccer, Men’s and Women’s Volleyball, 
Cross Country & Track and Field, Women’s Hockey, and Women’s Basketball, and they had the 
opportunity to self-identify. This research was carried out fully in accordance with the ethical 
standards of the International Journal of Exercise Science.19 Data was collected by investigators in 
a private and inclusive laboratory. Participants engaged in a single testing assessment for the 
purpose of data collection.
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Protocol

Anthropometry and Body Composition. 
Participants’ height and weight was measured using a wall mounted stadiometer (Health o meter 
Stadiometers) and weight was recorded using a properly celebrated digital scale (COSMED, 
Concord, CA) connected to the BOD POD®. Participant’s body composition was assessed 
using air displacement plethysmography. The two-compartment model offered measurements 
of Fat Mass (FM Kg), Fat Free Mass (FFM kg) and total body mass (kg), it also provided %BF 
and %FFM. It was recommended that participants followed the manufacture pre-test protocol 
refraining from intense exercise, food, and drink at least two hours prior to their assessment 
time. However, findings from Perrotta et al, suggest when negating pretest guidelines, results 
from the BOD POD® (COSMED, Concord, CA) remains statistically reliable20. Therefore, these 
pre-test guidelines were not strictly enforced due to the difficultly of controlling participant 
behaviour prior to the assessments. Participants followed the appropriate testing protocol as 
per the manufactures instruction; all jewelry removed, wearing spandex shorts and a sports bra 
(females), and spandex bottom or a speedo (males). A swim cap was worn to contain head hair. 
Results were referenced with clinically established %BF cut off for males (< 6%) and females (< 
17% ).8,9 

Resting Cardiovascular Function.
After completing the BOD POD®, a resting cardiovascular assessment was performed. Participants 
were fitted with a Polar H10 (Polar Electro Oy, Kempele, Finland) chest strap heart rate monitor, 
equipped to sample at 1000Hz. They were then instructed to lay supine with their arms and 
legs uncrossed, breathing normally for a ten-minute stabilization period. After eight minutes, 
resting heart rate (HR) and HRV were measured using the validated smartphone application Elite 
HRV21 connected via Bluetooth® to the Polar H10 HR monitor. Resting HR was recorded in beats 
per minute (bpm), the square root of the mean squared differences of successive R–R intervals 
(rMSSD) was selected as the variable of interest based on its validity to represent cardiac vagal 
modulation, and when not accounting for menstrual cycle phase or oral contraceptive usage.22 
rMSSD is also less affected by respiration and can reliably reflect short-term HRV23. After the HR 
and HRV recording participants remained supine for a BP measurement. Using an automatic 
sphygmomanometer (Connex® ProBPTM 3400 Digital Blood Pressure Device), systolic and 
diastolic BPs, as well as map were recorded in milligrams of mercury (mmHg). All recordings 
were taken from the left arm using an appropriately sized cuff positioned three centimeters 
above participants’ antecubital space. Pulse pressure (PP) was determined as the absolute value 
difference between the end diastolic pressure and end systolic pressure (mmHg). Bradycardia 
was defined as a resting HR < 60 bpm17 and hypotension was defined as systolic BP ≤ 110 mmHg 
or diastolic BP ≤ 60 mmHg.24 Normal blood pressure for both males and females is defined by the 
American Heart Association is ≤ 120 mmHg systolic or BP ≤ 80 mmHg diastolic, anything above this 
typical guideline is considered elevated or Hypertensive.25

Sleep Quality. 
Following the anthropometric and resting cardiovascular assessment, participants were asked to 
complete the Pittsburgh Sleep Quality Index (PSQI). The PSQI was selected as a valid instrument 
to assess the sleep quality and disturbance in participants. The PSQI has strong utility and 
reliability in identifying sleep disturbance using post hoc justification and comparative analysis 
with polysomnography.26 Participants were informed that this is a brief questionnaire asking 
them to generally reflect on their sleep over the past month (non-inclusive of the month in which 
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the questionnaire was administered in). They were provided with a physical copy of the sleep 
quality questionnaire to complete and it was requested that they answer all questions honestly and 
request clarification regarding an item if unsure. The PSQI is a seven-component questionnaire 
that scores respondents on subjective sleep quality, sleep latency, sleep duration, sleep efficiency, 
sleep disturbance, medication use, and daytime dysfunction26. Total sleep disturbance was 
calculated as per the PSQI scoring25. A PSQI global score of ≥ 5 was deemed clinically significant 
for poor.26

Statistical Analysis
Statistical analysis was performed using JASP computer software (Version 0.19.3). Multiple data 
sets were identified to be non-normally distributed after using a Shapiro-Wilk test (p < 0.05). As 
such, non-parametric analyses were utilized for statistical analysis. Descriptive statistics were 
used to summarize anthropometric measurements, resting cardiovascular function, and sleep 
quality in all participants. A Mann-Whitney U Test was used to assess for statistical differences in 
cardiovascular function, anthropometry, and sleep quality between sexes (Figure 1). A Spearman 
Rank Correlation coefficient (ρ) was utilized to examine the strength of association between 
indices of anthropometry and body composition and both cardiovascular function and sleep 
quality. The strength of correlation was establish using the following guidelines: ρ = 0.10 – 0.29 
small, ρ = 0.30 – 0.49 moderate, and ρ > 0.50 large27.  Athletes who displayed clinical symptoms 
of LEA are provided as a percentage of the total sample examined. Significance was declared as 
p < 0.05.

Results
Descriptive statistics displaying differences between sexes in anthropometry, cardiovascular 
function, and sleep quality, are shown in Table 1 and Table 2. A Mann Whitney U test was performed 
to compare measured values between the male and female groups for both anthropometric indicis, 
cardiovascular function, and sleep quality. In all cases of anthropometric and body composition 
measures males significantly differed compared to females; greater weight, height, BMI, FFM, 
and lower FM (Table 1). For Cardiovascular function it was found that HR, and diastolic BP 
were not significantly different between sexes, this is likely attributed to a high level of variance 
within the data. The association between anthropometry, cardiovascular function, and sleep 
quality, for both males (Table 4) and females (Table 3) are displayed as a correlation matrix with 
its corresponding p-value. PSQI scores in females displayed an inverse association with diastolic 
BP (ρ = 0.24, p = 0.05). Males displayed clinical symptoms of LEA are shown in Table 4, there a 
positive association between PSQI scores and FFM (ρ = 0.36, p = 0.02), weight (ρ = 0.50, p = 147 
5.82×10-4), and height (ρ = 0.56, p =7.95×10-5). The percentage of males and females displaying 
clinical symptoms of LEA is shown in Figure 1. 

Table 1. Descriptive statistics of anthropometric and body composition measures for male and female collegiate 
athlete samples.

n Weight
(kg)

Height
(cm)

BMI
(kg/m2)

FFM
(kg)

FFM
(%)

BF
(Kg)

BF
(%)

Male 43 80.9±11.1*** 181.4±11.4*** 24.7±3.5* 72.2±8.5*** 89.55±4.9*** 8.70±5.03*** 10.44±4.9***
Female 66 67.2±10.2 170.5±7.1 23.05±2.6 53.7±6.7 80.35±6.1 13.54±5.96 19.65±6.1

Values are displayed as mean (±SD) *p < 0.05 **p <0.001 ***p<0.0001 
Note males significantly differ compared to females
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Table 2. Descriptive statistics of cardiovascular measures and sleep quality for male and female collegiate athlete samples.

n RHR 
(bpm)

rMSSD 
(ms)

SBP
(mmHg)

DBP  
(mmHg)

MAP 
(mmHg)

PP
(mmHg) PSQI (Global)

Male 43 62.0±12.4 70.2±39.6 123.5±11.2*** 66.0±5.8 85.2±7.0*** 57.4±8.9*** 5.9±2.7
Female 66 60.9±9.8 79.4±40.6 109.2±8.1 65.6±5.9 79.8±5.9 43.6±6.5 5.7±2.4
Values are displayed as mean (±SD) *p < 0.05 **p <0.001 ***p<0.0001
Note males significantly differ compared to females

Table 3. Spearman correlation matrix showing associations between anthropometry (BMI, height and weight) and body composition (FFM and %BF), blood 
pressure indices (PP, MAP, SBP, DBP), heart rate metrics (RHR, rMSSD), and global PSQI score in female varsity athletes (ρ values and p-values displayed).

Variable BMI 
(Kg/m2)

FFM 
(kg)

BF
 (%)

Weight 
(Kg)

Height 
(cm)

PP 
(mmHg)

RHR 
(bpm)

rMSSD 
(ms)

MAP 
(mmHg)

SBP 
(mmHg)

DBP
(mmHg)

PSQI 
(global)

BMI Spearman’s -P-value
FFM Spearman’s 0.66***

2.22×10-9 -P-value
FM Spearman’s 0.45***

1.35×10-4
0.06
0.61 -P-value

Weight Spearman’s 0.82***
2.06×10-17

0.87***
6.67×10-21

0.50***
1.77×10-5 -P-value

Height Spearman’s 0.19
0.13

0.68***
4.45×10-10

0.28*
0.02

0.66**
1.73×10-9 -P-value

PP Spearman’s 0.38*
1.58×10-3

0.40***
8.69×10-4

0.19
0.12

0.44***
2.31×10-4

0.27*
0.03 -P-value

RHR Spearman’s -0.16
0.20

-0.03
0.80

-0.12
0.35

-0.08
0.53

0.12
0.35

0.03
0.79 -P-value

rMSSD Spearman’s 0.06
0.65

0.09
0.49

-0.11
0.36

0.04
0.75

0.04
0.85

0.01
0.92

-0.52**
7.44×10-6 -P-value

MAP Spearman’s 0.16
0.21

0.32**
8.51×10-3

0.14
0.28

0.29*
0.02

0.34**
5.60×10-3

0.20
0.11

0.06
0.61

-0.04
0.78 -P-value

SBP 
Spearman’s 0.34**

5.26×10-3
0.47***
7.28×10-5

0.18
0.14

0.47***
8.33×10-5

0.40***
9.44×10-4

0.72***
5.89×10-
12

0.16
0.21

-0.05
0.72

0.76***
1.57×10-
13

-
P-value

DBP 
Spearman’s 0.02

0.85
0.17
0.17

0.07
0.59

0.14
0.25

0.26*
0.03

-0.05
0.66

0.15
0.20

-0.07
0.57

0.88***
1.17×10-
22

0.61***
4.97×10-8 -P-value

PSQI 
Spearman’s -0.11

0.38
-0.11
0.45

0.03
0.78

-0.09
0.45

-0.04
0.76

0.09
0.47

-0.11
0.38

0.09
0.49

-0.10
0.45

-0.12
0.35

-0.24
0.05 -

P-value
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*p < .05, ** p < .01, *** p < .001

Variable BMI  
(Kg/m2)

FFM 
(kg)

BF 
(%)

Weight 
(Kg)

Height 
(cm)

PP 
(mmHg)

RHR 
(bpm)

rMSSD 
(ms)

MAP 
(mmHg)

SBP 
(mmHg)

DBP
(mmHg)

PSQI
(global)

BMI Spearman’s -P-value
FFM Spearman’s 0.58***

5.17×10-5 -P-value

FM Spearman’s 0.10
0.51

-0.12
0.46 -P-value

Weight Spearman’s 0.53***
2.99x10-4

0.89***
1.07x10-15

0.26
0.10 -P-value

Height Spearman’s -0.33*
0.03

0.44**
7.97×10-3

0.17
0.27

0.50***
5.54x10-4 -P-value

PP 

Spearman’s

0.23
0.13

0.08
0.61

0.35*
0.02

0.17
0.27

-5.67x10-4
1.00 -

P-value

RHR
Spearman’s 0.38*

0.01
0.27
0.08

0.16
0.32 0.31*

0.04
-0.14
0.37

0.28
0.07 -

P-value

rMSSD Spearman’s 0.11
0.47

0.26
0.09

0.02
0.88

0.28
0.07

0.11
0.47

-0.23
0.14

-0.37*
0.01 -P-value

MAP Spearman’s 0.30
0.05

0.10
0.51

0.21
0.18

0.18
0.26

-0.09
0.56

0.54***
2.19x10-4

0.34*
0.02

-0.22
0.16 -P-value

SBP
Spearman’s   0.31*

0.04
0.09
0.58

0.33*
0.03

0.18
0.24

-0.07
0.65

0.86***
2.23x10-13

0.33*
0.03

-0.21
0.18

0.87***
1.93x10-
14

-P-value

DBP
Spearman’s 0.23

0.14
0.04
0.80

0.11
0.46

0.09
0.56

-0.14
0.36

0.10
0.51

0.35*
0.02

-0.15
0.33

0.86***
1.68x10-
13

0.55***
1.22x10-4 -P-value

PSQI
Spearman’s -0.04

0.78
0.36*
       0.02

0.16
0.29

0.50***
5.82×10-4

0.56***
7.95×10-5

-0.13
0.41

0.23
0.15

0.19
0.23

0.12
0.45

-2.06x10-13
0.99

0.25
0.11 -

P-value
 *p < .05, ** p < .01, *** p < .001

Table 4. Spearman correlation matrix showing associations between anthropometry (BMI, height and weight) and body composition (FFM and %BF), blood 
pressure indices (PP, MAP, SBP, DBP), heart rate metrics (RHR, rMSSD), and global PSQI score in male varsity athletes (ρ values and p-values displayed)
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Figure 1. The percentage of male and female athletes that presented with a clinically identified criteria of LEA.

Discussion
This study sought to investigate the relationship between anthropometric and body composition 
indices (BMI, height, weight and %BF, FFM,) and both cardiovascular function and sleep quality 
in collegiate athletes, as well as assess symptoms associated with LEA. Using a sample of male 
and females across various sporting disciplines, a significant association between anthropometry 
and body composition and both cardiovascular function and sleep quality was found. Males had 
significantly different anthropometric measurements and BP recordings compared to females. 
A significantly higher percentage of females displayed a critically low %BF compared to males. 
Significant differences in male and female anthropometry and body composition can be attributed 
to physiological sex difference such as increased testosterone in males linked to increased 
production of growth hormone.28 Therefore, it is expected that male athletes are larger individuals 
with increased FFM and decreased %BF compared to their female counterparts. Increased body 
size, as seen in male athletes, is correlated with an increased presence of androgens that can result 
in higher BP.28 Additionally, different sports require different anthropometric qualities to meet 
unique event specific and positional demands.6 

Male and female athletes displayed poor sleep quality (PSQI Global score >5). Reduced sleep 
quality in athletes may be attributed to poor sleep hygiene, diet, training intensity and external 
stresses.16 Future studies would benefit from investigation into both athletes’ dietary habits, sleep 
hygiene, and training load to develop a more comprehensive understanding of why they may be 
experiencing poor sleep. Unfavorable anthropometry in excessively high BF or dangerously low 
FFM, has been found to have a relationship between stress and recovery.29 About two thirds of both 
males and female athletes in this study reported poor sleep quality (Figure 1). Sleep quality tends 
to be reflective of training intensity and recovery.17 Previous studies have demonstrated similar 
findings, such that in athletes poor sleep quality is highly prevalent.30 A significant relationship 
between anthropometric measures and both cardiovascular function and sleep quality was found 
in females. Lean body mass (FFM) has been shown to have positive significant associations with 
BP.31 The results show that a significantly greater proportion of females presented with a low %BF 
compared to males (Figure 1). Additionally, diastolic BP was found to be negatively associated 
with PSQI. Previous studies have found inverse relationships with Diastolic BP and PSQI scores 
in collegiate athletes. BP influences tissue perfusion: essential for regulating organ homeostasis 
and is largely controlled through circadian mechanisms.32 In both male and females there are 
significant correlations between FFM and BMI, and between weight and Height. BMI is directly 
derived as a proportion of weight (kg) and height (m2).33 
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Moreover, FFM has been seen to increase with BMI. It is important to consider that sex and 
age both influence the relationship between FFM and BMI33. An inverse relationship between 
HR and HRV found in both male and females agrees with literature, such that high HR tends 
to have larger R-R intervals resulting in low HRV while the opposite is true for lower HR.34 
Figure 1 demonstrates the percentage of males and females that present with clinically significant 
indicators of LEA. There was a significantly higher percentage of females that presented with 
a low %BF compared to males. Athletes experience internal and external pressures to achieve 
certain physiques, it is reported that females tend to engage in behaviours that may increase their 
risk for LEA and a low %BF.5 The larger percentage of females displaying hypotension and low 
%BF may indicate a higher risk of LEA.2 

Extreme bradycardia and hypotension have been noted as symptoms associated with LEA.2 
Approximately half of the male (48%) and female (49%) athletes in this study presented with 
bradycardia, and just over half of the females (55%) presented with hypotension. Regular physical 
activity can lead to positive cardiovascular adaptations such as increased cardiac output and 
stroke volume along with decreased BP and resting HR.10 Due to the athletic cohort in this study, 
it cannot be ruled out that the athlete’s heart mechanism may be in occurrence. Conversely, 
excessive exercise and inadequate energy availability can lead to poor cardiovascular health such 
as hypotension and bradycardia.35

The purpose of this study was to investigate the relationship between anthropometry and body 
composition and both cardiovascular function and sleep quality in Collegiate varsity athletes. 
Secondarily, this study sought to understand the proportion of athletes who present with 
symptoms associated with LEA. It was found that indices of body composition (BMI, FFM, and 
%BF) were significantly correlated to both cardiovascular function and sleep quality. Additionally, 
each sport has unique body composition and proportional demands required for individual 
success. Thus, the relationships between anthropometry and cardiovascular function differed 
across sport and sexes. Moreover, there was a significantly higher percentage of female athletes 
that presented with a clinically low %BF and hypotension compared to male athletes. A third 
of both male and female athletes displayed at least one symptom associated with LEA. These 
findings demonstrate the importance of monitoring the health of varsity athletes. Future studies 
could focus on incorporating more comprehensive assessments for assessing overall health of 
varsity athletes. Furthermore, using clinically validated questionnaires such as the LEAF-Q or 
LEAM-Q could provide more information regarding energy status and physiological function 
of athletes. In summary this study highlights the immense need for further investigation into 
the health status of varsity athletes. As well as the crucial importance of collaboration between 
athletes, coaches, and support staff to ensure optimal health and performance.

Acknowledgements
The University of Windsor sits on the traditional territory of the Three Fires Confederacy of First 
Nations, which includes the Ojibwa, the Odawa, and the Potawatomi. We respect the longstanding 
relationships with First Nations people in this place in the 100-mile Windsor-Essex peninsula and 
the straits – les détroits – of Detroit. The authors would like to thank each participant for their 
dedication and commitment to completing the research project.



Int J Exerc Sci 19(2) 2015, 2026 

International Journal of Exercise Science http://www.intjexersci.com 
9  

References
1. Mountjoy M, Sundgot-Borgen J, Burke L, 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):491-497. https://doi.org/10.1136/
bjsports-2014-093502

2. Mountjoy M, Sundgot-Borgen J, Burke L, 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(4):316-331. https://
doi.org/10.1123/ijsnem.2018-0136

3. Stellingwerff T, Heikura IA, Meeusen R, et al. Overtraining Syndrome (OTS) and Relative Energy Deficiency 
in Sport (RED-S): Shared Pathways, Symptoms and Complexities. Sports Med. 2021;51(11):2251-2280. https://doi.
org/10.1007/s40279-021-01491-0

4. Mountjoy M, Ackerman KE, Bailey DM, et al. 2023 International Olympic Committee’s (IOC) consensus statement 
on Relative Energy Deficiency in Sport (REDs). Br J Sports Med. 2023;57(17):1073-1098. https://doi.org/10.1136/
bjsports-2023-106994

5. Warrick A, Faustin M, Waite B. Comparison of Female Athlete Triad (Triad) and Relative Energy Deficiency in 
Sport (RED-S): a Review of Low Energy Availability, Multidisciplinary Awareness, Screening Tools and Education. 
Curr Phys Med Rehabil Rep. 2020;8(4):373-384. https://doi.org/10.1007/s40141-020-00296-y

6. Jeukendrup AE, Gleeson M. An Introduction to Energy Production and Performance. 2nd ed. Human Kinetics; 2009.

7. Burke LM, Ackerman KE, Heikura IA, Hackney AC, Stellingwerff T. Mapping the complexities of Relative 
Energy Deficiency in Sport (REDs): development of a physiological model by a subgroup of the International 
Olympic Committee (IOC) Consensus on REDs. Br J Sports Med. 2023;57(17):1098-1110. https://doi.org/10.1136/
bjsports-2023-107335

8. Frisch RE. Body fat, menarche, fitness and fertility. Hum Reprod. 1987;2(6):521-533. https://doi.org/10.1093/
oxfordjournals.humrep.a136582

9. Ackland TR, Lohman TG, Sundgot-Borgen J, et al. Current status of body composition assessment in sport: 
review and position statement on behalf of the ad hoc research working group on body composition health and 
performance, under the auspices of the I.O.C. Medical Commission. Sports Med. 2012;42(3):227-249. https://doi.
org/10.2165/11597140-000000000-00000

10. Muñoz L, Norgan G, Rauschhuber M, et al. An exploratory study of cardiac health in college athletes. Appl Nurs 
Res. 2009;22(4):228-235. https://doi.org/10.1016/j.apnr.2008.02.008

11. Ackerman KE, Holtzman B, Cooper KM, 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):628-633. https://doi.
org/10.1136/bjsports-2017-098958

12. Cabre HE, Moore SR, Smith-Ryan AE, Hackney AC. Relative Energy Deficiency in Sport (RED-S): Scientific, 
Clinical, and Practical Implications for the Female Athlete. Dtsch Z F�r Sportmed. 2022;Volume 73(No. 7):225-234. 
https://doi.org/10.5960/dzsm.2022.546

13. Low DA, Da Nóbrega ACL, Mathias CJ. Exercise-induced hypotension in autonomic disorders. Auton Neurosci. 
2012;171(1-2):66-78. https://doi.org/10.1016/j.autneu.2012.07.008

14. DeMers D, Wachs D. Physiology, Mean Arterial Pressure. StatsPears. Published online 2023. https://www.ncbi.
nlm.nih.gov/books/NBK538226/

15. Coates AM, Millar PJ, Burr JF. Blunted Cardiac Output from Overtraining Is Related to Increased Arterial Stiffness. 
Med Sci Sports Exerc. 2018;50(12):2459-2464. https://doi.org/10.1249/MSS.0000000000001725



Int J Exerc Sci 19(2) 2015, 2026 

International Journal of Exercise Science http://www.intjexersci.com 
10  

16. Killer SC, Svendsen IS, Jeukendrup AE, Gleeson M. Evidence of disturbed sleep and mood state in well-trained 
athletes during short-term intensified training with and without a high carbohydrate nutritional intervention. J 
Sports Sci. 2017;35(14):1402-1410. https://doi.org/10.1080/02640414.2015.1085589

17. Torstveit MK, Ackerman KE, Constantini N, et al. Primary, secondary and tertiary prevention of Relative Energy 
Deficiency in Sport (REDs): a narrative review by a subgroup of the IOC consensus on REDs. Br J Sports Med. 
2023;57(17):1119-1128. https://doi.org/10.1136/bjsports-2023-106932

18. Perrotta AS, Correa CJ, Khan AD, Bain AR, Jeklin AT. Vascular function and hypotension effect sleep quality in 
female soccer players. Sci Sports. 2024;39(5):463-471. https://doi.org/10.1016/j.scispo.2023.04.008

19.Navalta JW, Stone WJ, Lyons TS. Ethical issues relating to scientific discovery in exercise science. Int J Exercise Sci. 
2019;12(1):1-8. 

20. Perrotta AS, Ford M, Yalda S, Sutherland CA. Intra- and inter-session reliability of air plethysmography for 
assessing body composition in university athletes. Ger J Exerc Sport Res. 2025;55(2):285-288. https://doi.org/10.1007/
s12662-024-00991-1

21. Perrotta AS, Jeklin AT, Hives BA, Meanwell LE, Warburton DER. Validity of the elite HRV smartphone application 
for examining heart rate variability in a field-based setting. J Strength Cond Res. 2017;31(8):2296-2302. https://doi.
org/10.1519/JSC.0000000000001841

22. Teixeira AL, Ramos PS, Vianna LC, Ricardo DR. Heart rate variability across the menstrual cycle in young women 
taking oral contraceptives. Psychophysiology. 2015;52(11):1451-1455. https://doi.org/10.1111/psyp.12510

23. Shaffer F, Ginsberg JP. An Overview of Heart Rate Variability Metrics and Norms. Front Public Health. 2017;5:258. 
https://doi.org/10.3389/fpubh.2017.00258

24. Eastridge BJ, Salinas J, McManus JG, et al. Hypotension Begins at 110 mm Hg: Redefining “Hypotension” With 
Data. J Trauma Inj Infect Crit Care. 2007;63(2):291-299. https://doi.org/10.1097/TA.0b013e31809ed924

25. Paul K Whelton, Robert M Carey, Giuseppe Mancia, Reinhold Kreutz, Joshua D Bundy, Bryan Williams, 
Harmonization of the American College of Cardiology/American Heart Association and European Society of 
Cardiology/European Society of Hypertension Blood Pressure/Hypertension Guidelines: Comparisons, Reflections, 
and Recommendations. European Heart Journal. 2022;43(35):3302–3311. https://doi.org/10.1093/eurheartj/ehac432

26. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: a new 
instrument for psychiatric practice and research. Psychiatry Res. 1989;28(2):193-213. https://doi.org/https://doi.
org/10.1016/0165-1781(89)90047-4

27. Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. Lawrence Erlbaum Associates; 1988.

28. Reckelhoff JF. Gender Differences in the Regulation of Blood Pressure. Hypertension. 2001;37(5):1199-1208. https://
doi.org/10.1161/01.HYP.37.5.1199

29. Teisala T, Mutikainen S, Tolvanen A, et al. Associations of physical activity, fitness, and body composition with 
heart rate variability–based indicators of stress and recovery on workdays: a cross-sectional study. J Occup Med 
Toxicol. 2014;9(1):16. https://doi.org/10.1186/1745-6673-9-16

30. Drew M, Vlahovich N, Hughes D, et al. Prevalence of illness, poor mental health and sleep quality and low energy 
availability prior to the 2016 Summer Olympic Games. Br J Sports Med. 2018;52(1):47. https://doi.org/10.1136/
bjsports-2017-098208

31. Korhonen PE, Mikkola T, Kautiainen H, Eriksson JG. Both lean and fat body mass associate with blood pressure. 
European Journal of Internal Medicine. 2021;91:40-44. https://doi.org/10.1016/j.ejim.2021.04.025 



Int J Exerc Sci 19(2) 2015, 2026 

International Journal of Exercise Science http://www.intjexersci.com 
11  

32. Faraci FM, Scheer FAJL. Hypertension: Causes and Consequences of Circadian Rhythms in Blood Pressure. Circ 
Res. 2024;134(6):810-832. https://doi.org/10.1161/CIRCRESAHA.124.323515

33. Müller MJ, Braun W, Enderle J, Bosy-Westphal A. Beyond BMI: Conceptual Issues Related to Overweight and 
Obese Patients. Obes Facts. 2016;9(3):193-205. https://doi.org/10.1159/000445380

34. Kazmi Z, Zhang H, Aziz W, et al. Inverse Correlation between Heart Rate Variability and Heart Rate Demonstrated 
by Linear and Nonlinear Analysis. PloS One. 2016;11(6). https://doi.org/10.1371/journal.pone.0157557

35. Logue DM, Madigan SM, Melin A, et al. Low Energy Availability in Athletes 2020: An Updated Narrative 
Review of Prevalence, Risk, Within-Day Energy Balance, Knowledge, and Impact on Sports Performance. Nutrients. 
2020;12(3):835. https://doi.org/10.3390/nu12030835 


