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Introduction
A typical sports performance team is comprised of a 
variety of professionals,  and communication between 
the medical and sports science teams is important.1 
Fitness, fatigue, recovery, and injury prevention are 
often the topics of these teams’ communication and 
athlete monitoring schemes. There are many different 
approaches to athlete monitoring including physical 
workload, nutrition, sleep, and various recovery 
technologies. Often the lowest-hanging fruit is  
dietary intervention.  

Nutrition assessment is a critical first step in evaluating 
need for dietary interventions including micronutrient 
intake and supplement use.2 Blood profiling is a 
beneficial step in the assessment process to understand 
any deficiencies that may exist. This approach is 
becoming more prevalent in elite sport, however there 
are certain external factors that can impact biomarker 
outcomes, such as posture, exercise, hydration status, 
fasting status, and psychological stress. A more in-depth 
review can be found in Pedlar et al.3 

Similarly, there may be statistical implications that need 
to be considered. Longitudinal data is often seen as the 
most impactful form of monitoring, however there are 
multiple ways to interpret collected data such as utilizing 
critical difference thresholds, general reference ranges, 
and even individualized methods using a Bayesian 
approach.3 Factors influencing biomarker outcomes 
and statistical analysis are outside the scope of this 
article, therefore this brief piece will discuss a few key 
biomarkers useful in sports medicine and performance, 
particularly those related to nutrition and hydration for 
health and recovery. 

Vitamin D
Vitamin D’s most recognizable role is that of regulation 
of calcium homeostasis. Low vitamin D status has 
often been linked to poor immune function and 
compromised muscle health and bone composition. 
Specifically, manifestations such as unexplained muscle 
weakness and pain, and potential bone implications 
have been reported.2 Vitamin D deficiency has also 
been associated with decreased immune capacity and 
increased upper respiratory tract infections (UTRI).4 

In most clinical trials serum 25[OH]D concentration is 
measured. However, recent work has highlighted its 
limitations, particularly in the context of bone health 
in black individuals.5 Therefore, if bone health is the 
interest, it is likely that an assay for vitamin-D binding 
protein (or potentially bioavailable/ free 25[OH]D) should 
be used.6 

There is little to no evidence for ergogenic effects at 
levels above 75 nmol/L.6 In fact, while case reports of 
vitamin D toxicity are limited there is evidence that levels 
>180 nmol/L may be toxic.6 Although these direct cut-
offs may not be definitive for all outcomes, there does 
seem to be widespread agreement that 75 nmol/L is the 
optimal circulation of serum 25[OH]D to prevent UTRI 
and maintain immunity.4

Iron
Appropriate iron levels are crucial and underpin many 
important functions for athletic performance. Namely, 
iron supports red blood cell (RBC) production, delivering 
oxygen to the muscle, helps to produce energy at a 
mitochondrial level, and aids in immune function.7 While 
the incidence rates for iron deficiency do seem to be 
higher in females than males,7 it can occur in males.  
Assessing iron status is critical due to the important  
role of iron. The symptoms of iron deficiency may 
manifest as lethargy, lightheadedness, fatigue, and 
negative mood states along with the more severe  
cases inducing anemia.2,7

 Presently there is still debate as to what are the 
appropriate cut-off values in blood profiling for iron 
deficiency due to the large number of biomarkers (see 
table), however it is agreed that there are three stages 
of iron deficiency.2,7,8 Hepcidin has also emerged as a 
potential new marker of iron metabolism.3,7,9 Although 
not yet broadly available or measured, hepcidin seems 
to impair iron absorption and/or metabolism. Therefore 
its measurement might be critical to get the most out of 

REFERENCE VALUE (nmol/L)

Deficient < 50

Insufficient < 75

Sufficient < 75
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iron supplementation planning.10,11 To date a plethora of 
information on iron as a biomarker exists so ensuring the 
most appropriate measures are collected is critical as 
some of them may overlap in various stages.

Omega 3
Omega 3 polyunsaturated fatty acids (PUFA) are 
essential fatty acids, meaning they must be consumed 
either through dietary sources (i.e., fish oils, salmon, 
tuna) or supplemented. The most bioactive of the 
Omega 3 PUFA are eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA) [12]. The assessment of 
Omega 3 has received increased attention with athlete 
monitoring at the collegiate and professional level, 
specifically the Omega 3-Index. The Omega 3 Index 
is a percentage of EPA and DHA in total erythrocyte 
fatty acids.  Although the Omega 3 Index is based on 
CVD risk (see table) this has been primarily used as a 
reflection of athletes’ Omega 3 PUFA consumption over 
the past 2 months.13

The scientific rationale for monitoring Omega 3 blood 
levels stems from Omega 3 PUFA’s role in promoting 
muscle remodeling, muscle repair, improving immune 
status, decreasing muscle soreness, and helping to 
maintain explosive power.14,15  Recent work has shown 
the majority of athletes to have a low to moderate 
Omega 3 Index.16,17 These studies have also used Omega 
3 dietary and supplement questionnaires to examine 
intake of Omega 3 PUFA, which have shown low 

dietary and supplemental intake.16,17 If teams do consider 
measuring Omega 3 Index this should be combined with 
an Omega 3 PUFA questionnaire examining dietary and 
supplement intake.17 Education can then be provided by 
the team dietitian  for players that need to increase their 
dietary intake of Omega 3 PUFA. Further, Omega 3 Index 
should then be periodically monitored among players 
especially if supplementing Omega 3 PUFA as individual 
blood concentrations can vary to a given dose.18

Hydration Biomarkers
The reference method for determining day to day 
hydration status involves first-morning urinary measures 
(color, specific gravity, osmolality), plasma osmolality, 
nude body mass, and thirst.19 However, obtaining 
such measurements daily can be challenging, time-
consuming, and  cumbersome for athletes and 
coaches. Studies have also examined various hydration 
biomarkers through saliva and tear osmolality.20 
Exploring these methods is beyond the scope of this 
article however the reader is referred to Barley et al.20 

for further information. 

Recent work on hydration biomarkers has focused on 
technology providing real-time urine-specific gravity 
measurements.21 A paper published in 2022 showed 
an automated urinalysis device that attaches to a urinal 
showed a strong correlation to optical refractometry 
for measuring urine-specific gravity.21 Technology that 
addresses both convenience for the athlete, as well 
as accuracy in measurement, will help practitioners 
understand athlete behavior.  

Work out of Arizona State University showed using a 
three-panel urine color chart provided similar results 
to those of traditional urine color charts.22,23 However, 
the key application here is the assessment can be 
done directly from the toilet. This could help make the 
method more applicable to the athlete. As technology 
miniaturizes and becomes more accessible to athletes 
and the general population this could help allow for a 
more practical understanding of athletes’ day-to-day 
hydration status. 

Conclusion
There are a number of biomarkers the sports medicine 
staff could potentially monitor. The key question for 
the athletic trainer is to think through what specific 
biomarkers they want to track for athlete’s long-
term health and to help promote behavior change 
with nutrition and hydration. Further, understanding 
what biomarkers have been validated against gold 

MEASURE
STAGE OF SEVERITY

I II III

Ferritin (ug/mL) < 35 (     ) < 20 (     ) < 12 (     )

[Hb] > 115 > 115 < 115

Transferrin Saturation (%) > 16 < 16 < 16

Serum Iron

Soluable Transferrin Receptor

[ZnPP]

HGB

HCT

MCV

CARDIOVASCULAR DISEASE RISK OMEGA 3 INDEX

High Risk < 4%

Intermediate Risk 4-8%

Low Risk > 8%
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standard measurements that can also be easily 
implemented during annual medical screenings or daily 
implementation in the field. 

Disclaimer: The views expressed in this article are those of the 
authors and do not necessarily reflect the position or policy  
of PepsiCo, Inc.

References
1.	 Buchheit, M. and D. Carolan, The Noble Ranks of Performance 

Roles-Who’sa king-who’sa duke. Sport Perform. Sci. Rep, 2019. 
60: p. 1-7.

2.	 Larson-Meyer, D.E., K. Woolf, and L. Burke, Assessment of 
nutrient status in athletes and the need for supplementation. 
International journal of sport nutrition and exercise metabolism, 
2018. 28(2): p. 139-158.

3.	 Pedlar, C.R., J. Newell, and N.A. Lewis, Blood biomarker profiling 
and monitoring for high-performance physiology and nutrition: 
current perspectives, limitations and recommendations. Sports 
Medicine, 2019. 49(2): p. 185-198.

4.	 He, C.-S., et al., Is there an optimal vitamin D status for immunity 
in athletes and military personnel? Exercise immunology review, 
2016. 22: p. 42-64.

5.	 Allison, R.J., et al., Why don’t serum vitamin D concentrations 
associate with BMD by DXA? A case of being ‘bound’to the 
wrong assay? Implications for vitamin D screening. British 
Journal of Sports Medicine, 2018. 52(8): p. 522-526.

6.	 Owens, D.J., R. Allison, and G.L. Close, Vitamin D and the 
athlete: current perspectives and new challenges. Sports 
medicine, 2018. 48(1): p. 3-16.

7.	 Sim, M., et al., Iron considerations for the athlete: a narrative 
review. European journal of applied physiology, 2019. 119(7): p. 
1463-1478.

8.	 Peeling, P., et al., Effect of iron injections on aerobic-exercise 
performance of iron-depleted female athletes. International 
journal of sport nutrition and exercise metabolism, 2007. 17(3): p. 
221.

9.	 Lee, E.C., et al., Biomarkers in sports and exercise: tracking 
health, performance, and recovery in athletes. Journal of 
strength and conditioning research, 2017. 31(10): p. 2920.

10.	 Peeling, P., et al., Iron status and the acute post-exercise 
hepcidin response in athletes. PloS one, 2014. 9(3): p. e93002.

11.	 Stoffel, N.U., et al., Iron absorption from oral iron supplements 
given on consecutive versus alternate days and as single 
morning doses versus twice-daily split dosing in iron-depleted 
women: two open-label, randomised controlled trials. The Lancet 
Haematology, 2017. 4(11): p. e524-e533.

12.	 Walker, R.E., et al., Predicting the effects of supplemental EPA 
and DHA on the omega-3 index. Am J Clin Nutr, 2019. 110(4): p. 
1034-1040.

13.	 Harris, W.S. and R.M. Thomas, Biological variability of blood 
omega-3 biomarkers. Clin Biochem, 2010. 43(3): p. 338-40.

14.	 Heaton, L.E., et al., Selected In-Season Nutritional Strategies 
to Enhance Recovery for Team Sport Athletes: A Practical 
Overview. Sports Med, 2017. 47(11): p. 2201-2218.

15.	 Black, K.E., et al., Adding omega-3 fatty acids to a protein-based 

supplement during pre-season training results in reduced 
muscle soreness and the better maintenance of explosive power 
in professional Rugby Union players. Eur J Sport Sci, 2018. 
18(10): p. 1357-1367.

16.	 Anzalone, A., et al., The Omega-3 Index in National Collegiate 
Athletic Association Division I Collegiate Football Athletes. J Athl 
Train, 2019. 54(1): p. 7-11.

17.	 Davis, J.K., et al., Evaluation of Omega-3 Status in Professional 
Basketball Players. J Strength Cond Res, 2021. 35(7): p. 1794-
1799.

18.	 von Schacky, C., et al., Low Omega-3 Index in 106 German elite 
winter endurance athletes: a pilot study. Int J Sport Nutr Exerc 
Metab, 2014. 24(5): p. 559-64.

19.	 Cheuvront, S.N. and R.W. Kenefick, Dehydration: physiology, 
assessment, and performance effects. Compr Physiol, 2014. 4(1): 
p. 257-85.

20.	 Barley, O.R., D.W. Chapman, and C.R. Abbiss, Reviewing the 
current methods of assessing hydration in athletes. J Int Soc 
Sports Nutr, 2020. 17(1): p. 52.

21.	 Bender, B.F., et al., Automated Urinal-Based Specific Gravity 
Measurement Device for Real-Time Hydration Monitoring in 
Male Athletes. Front Sports Act Living, 2022. 4: p. 921418.

22.	 Wardenaar, F.C., et al., Athletes’ Self-Assessment of Urine Color 
Using Two Color Charts to Determine Urine Concentration. Int J 
Environ Res Public Health, 2021. 18(8).

23.	 Wardenaar, F., et al., Validity of Urine Color Scoring Using 
Different Light Conditions and Scoring Techniques to Assess 
Urine Concentration. J Athl Train, 2022. 57(2): p. 191-198.


	GSSI_2023_PBATS_Newletter_004 1
	GSSI_2023_PBATS_Newletter_004 2
	GSSI_2023_PBATS_Newletter_004 3



