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Physiological support case study for a recreational runner getting ready for a marathon. 

















Introduction 
Cardiovascular endurance is crucial for marathon running as it directly affects the ability to sustain prolonged activity during which the working skeletal muscles require a constant supply of oxygen to produce energy (Predel, 2014). Therefore, strong cardiovascular system ensures an effective transport of oxygen-rich blood to the muscle allowing for performance over an extended period with a minimised fatigue (Predel, 2014). Besides, endurance athletes’ heart is known for being an outcome of endurance training which strengthens the heart making it more efficient at pumping blood and results in lower resting heart rate and reduced stress on the cardiac muscle, consequently allowing the individual to perform the exercise at a lower heart rate with equal velocity (Predel, 2014; Sperlich, 2016). Another crucial factor for a successful performance in prolonged exercise such as running is known as maximal oxygen uptake (VO2max) (Hausswirth and Lehénaff, 2001; Blagrove, Howatson and Hayes, 2018; Parmar, Jones and Hayes, 2021). VO2max determines the maximum amount of oxygen the body can consume during intense exercise impacting overall performance, and is a key indicator of aerobic fitness, endurance capacity and numerous health benefits such as improved cardiovascular function, reduced risk of chronic diseases, increased energy levels and many more (Hausswirth and Lehénaff, 2001). Generally, with higher VO2max values comes greater ability to sustain aerobic activity and is associated with improved endurance performance in sports such as distance running (Legaz-Arrese et al., 2007). However, it is worth to mention that VO2max is not the sole determinant of performance and other factors such as running economy, lactate threshold or endurance per se play crucial roles (Legaz-Arrese et al., 2007). 
Running economy (RE) refers to how efficiently a runner uses oxygen at a given submaximal speed (Saunders et al., 2004). Optimizing RE is associated with allowing runners to sustain their desired pace with less effort, delaying the onset of fatigue or may help with minimizing excessive stress on muscles and therefore reduce the risk of injury (Saunders et al., 2004). Often, individuals with better RE will likely perform better as they use less energy and therefore less oxygen when compared to individuals with the similar VO2max values (Saunders et al., 2004; Lee, Snyder and Lundstrom, 2020). Additionally, training strategies such as strength training/heavy lifting, aerobic training or plyometric and explosive exercises can improve RE through the positive effect on musculotendinous stiffness responsible for movement efficiency (Storen et al., 2008; Lee, Snyder and Lundstrom, 2020). To be able to successfully maintain pace over the distance during marathon run, muscular strength and endurance is another physiological demand for distance runners (Prieto-González and Sedlacek, 2022). Interestingly, competitive events like distance run often require a combination of both endurance and strength trainings to generate additional benefits such as improve speed and running economy as well as enhance efficiency of movement, help to distribute forces more effectively and develop aerobic capacity (Trowell et al., 2020). Also, due to the risk or injuries and overloads from running often associated within the lower limbs, flexibility is an important factor for maintaining and achieving full range of motions without injury or for enhancing recovery by promoting blood flow to muscles (Sulkowska-Daszyk and Skiba, 2022). 
To sustain energy levels and prevent glycogen depletion over a long time of running, efficient utilization of carbohydrates and fats is important to successfully accomplish the race (Ravindra et al., 2022). Interestingly, it is crucial to remember that factors such as location, temperature or humidity may affect the outcome, and therefore, both nutritional and non-nutritional factors should be considered when planning a specific endurance performance (Ravindra et al., 2022). In addition, to check individuals' metabolic response to exercise, an indirect calorimetry measure can calculate respiratory exchange ratio (RER) providing estimate of carbohydrate to fat oxidation, where lower RER indicates fat utilization and higher RER shows greater carbohydrate utilization (Hawley and Leckey, 2015; Gupta et al., 2017). In simple terms, this analysis can show how much fuel gets burned and how long the participant can go without extra carbohydrate (Gupta et al., 2017). Moreover, it is also crucial to maintain the hydration and electrocyte balance during prolonged excretion to support the regulation of body temperature and effectively prevent overheating, dehydration, cramping and risk of hyponatremia which consequently supports proper functioning of nerves and muscles (Sperlich, 2016). 
                                   
Method 
The first step included pre-exercise screening where PAR-Q form containing 7 questions was completed by the participant. All questions were answered ‘no’ and therefore the participant could perform with the exercise tests. After that, blood pressure using automated BP monitor (Jungingen, Germany) was conducted to check for any abnormalities. Following measures involved anthropometrics such as skinfolds using skinfold calipers (Baty int, West Sussex, UK) where triceps skinfold measures was taken by pinching the skin and measuring the thickness of the skin in millimetres. Also, BMI was calculated using weight and height formula to indicate weight classification of the participant. Weight was measured using weighing scale (Seca, Hamburg, Germany) and height using stadiometer (Seca, Hamburg, Germany).
[bookmark: _Int_AqN7c0kf]Following all the measurements, a running economy test was performed first as it was a submaximal test so did not cost as much energy. A heart rate chest strap (Polar Electro, Warwick, UK) was fitted and paired to Polar Beat. The mask (Hans Rudolph, Kansas, USA) together with the attached hose pipe and douglas bag (Hans Rudolph, Kansas, USA) was fitted and the test was carried out with help of another two participants. The subject started warming up on the treadmill (Woodway,Waukesha,USA) at a 1% incline and the chosen steady pace was selected. The participant then started running at the steady pace for 5 minutes and the stable heart rate and steady pace was recorded. After one minute, exactly 60s of expired air was collected. With a clear count down, the valve of the douglas bag was opened at the same time as the stopwatch was started. A 1 minute of the air was analysed using servomex gas analyser (Servomex, Bristol, UK). The values for %02 and %CO2 were recorded. Secondly, dry gas meter (Harvard, Massachusetts, USA) evacuated the bag until the number on the vacuum remained stable and the volume of gas was recorded. The valve was opened and dry gas meter was turned on at the same time. Additionally, 1.8L was added to the volume value to accommodate the 1-minute sampling. 
[bookmark: _Int_D8raKMOt][bookmark: _Int_EsQtvIPH]Another test examining aerobic fitness was conducted using Wattbike Pro (Wattbike, Nottingham, Uk) to measure VO2max. The participant had a low intensity warm up of approximately 4 minutes. There were at least 3 empty douglas bags ready for this test. Heart monitor was fitted, and the correct starting cadence was chosen (50 watts) according to recommended figures with an addition of 20 watts every 1 minute. Each minute, the participants’ perceived exertion, average heart rate and average power was recorded. Every other minute, a sample of air from the last 30s of the minute was collected using timer and douglas bag. The participant had to place a nose clip and insert a mouthpiece at the beginning of the minute before the air collection began. Analysis of the douglas bag was carried out between each collection while the participant was continuing cycling and each time, the same protocol was followed using servomex gas analyser and dry gas meter. The participant was instructed to inform when was close to 1 minute of maximum effort. Around 30s of the final minute, the air collection began with the participant cycling at their maximal force. 
Power was tested using vertical jump test measurements and involved attaching leg dynamometer (Niigata City, 956-0113 Japan) to the waist and jumping up as high as possible from a squatted position with both hands resting on hips. The test was repeated 3 times, and best score was recorded. Lastly, after the body has fully warmed up, flexibility assessment using the sit and reach box (Habdirect, Southam, UK) was conducted. The test involved sitting on the floor with full extension at the knee while extending arms forward along the measuring scale. Three trials were repeated, and best result was recorded. 
To analyse the data from endurance performance, a gas calculation spreadsheet was used to measure the results of running economy and VO2max. The gas calculation analysed VO2 STPD and respiratory exchange ratio (RER). 

Result
The participants’ result has been calculated, compared to the mean scores from 7 male and 6 female individuals and/or any normative data associated with distance running and presented in Table 1. Also, a z-score profile of the subject has been calculated and can be found in Figure 1.  
The BP (115/75) results represent normal BP for adults in accordance with BP classification in normative data (Chobanian et al., 2003). Additionally, similar results can be observed with BMI (21.9) and the subjects' results indicate normal weight when compared to BMI classification (Pi-Sunyer, 200). Also, another anthropometric measure from a skinfold thickness test shows 18mm and according to normative data if falls in the normal category for female. The mean score of the group is slightly lower (15.1). Running economy (256.8 ml/kg/km) result was compared to typical values for females in endurance running (Davison et al, 2022, p.163, Table 4.1.1) and shows a low running economy status. The VO2max result (35.5 ml/kg/min) was compared to both the group mean and the VO2max normative data based on age and sex (Liguori, 2021, p.89, Table 3.8) and in endurance runners (Davison et al, 2022, p.163, Table 4.1.1). The result shows a lower score when compared to group mean and falls in the 45th percentile for women between 20-29 consequently resulting in the fair category. However, when compared to female endurance running values, the participants’ result falls into the low category. The countermovement vertical jump (32cm) was slightly below the group mean and falls high in the good category of the normative data for females between 20-29 (Liguori, 2021, p.89, Table 3.8), interestingly, only 2cm short of being in the very good category. The flexibility test resulted in the achievement of 31 cm. This value was higher when comped to the group mean and results in the 89-percentile rank when compared to the normative data for sit-and-reach test for 25-29 years old females (Hoffmann et al., 2019). Additionally, to calculate the percentile of flexibility from the normative data, additional 11cm was added to the score because of ‘foot line’ at 26cm cm instead of 15cm. Lastly, the respiratory exchange ratio (RER) was calculated using a gas calculation spreadsheet and resulted in RER of 1.02 meaning a high carbohydrate metabolism is present when compared to published research (Gupta et al., 2017).

Table 1. Test results of the subject compared to the group and normative data
	
	Results of the subject
	Mean and SD of the group
	Normative data 

	Blood pressure
	115/75
	---
	<120 and <80 NORMAL

	BMI
	21.9
	---
	18.5 - 24.9 NORMAL RANGE

	Skinfold/Body fat%
	18 mm
	15.1 ± 5.8
	18 – 32 mm NORMAL FOR FEMALES

	Running economy
	256.8 ml/kg/km
	---
	>220 ml/kg/km LOW FOR FEMALES 

	VO2max
	35.5 ml/kg/min
	40.1 ± 13.6
	35.9 ml/kg/min FAIR 45th PERCENTILE FOR WOMAN AGED 20-29
----------------------
<50 ml/kg/min
LOW FOR FEMALES' ENDURANCE RUNNING

	Vertical jump
	32 cm
	38.4 ± 7.9
	29-33 cm 
GOOD FOR FEMALES 

	Sit and reach/Flexibility
	31 cm (42cm)

	22.0 ± 8.0
	42cm 89% PERCENTILE FOR FEMALE 

	Respiratory exchange ratio (RER)
	1.02
	---
	RER = 1.0 CARBOHYDRATE METABOLISM 



[image: ]Figure 1. Z-score profile for a recreational runner 

Discussion
Concluding from the result section, there is few weaknesses in relation to physiological demands. The results of the subject present that the key demand (VO2max) of endurance running is relatively low compared to the recommended published data for endurance runners and puts the individual in the 45th percentile when compared to normative data for female age 20-29. Similarly, the z-score presents that the data of the individual is below the mean of the group indicating lower aerobic capacity than the average. Therefore, it could indicate that the individual might not have the ability to sustain high-intensity effort over prolonged period due to lower ability to deliver oxygen to working muscles and could indicate a weaker resilience to fatigue during endurance running (Legaz-Arrese et al., 2007).  Also, running economy showed similar results when compared to female endurance runners, presenting that an individual requires more oxygen to maintain a giving running pace which is a relatively large weakness when hoping to achieve best running performance (Snyder and Lundstrom, 2020). When presenting the vertical jump in relation to the z-score profile, it indicated a negative z-score with a large magnitude showing that the individuals result is much lower than the mean of the group. However, when compared to the normative data for female, vertical jump falls into a high category which represents a good indication of high level of lower body power, explosiveness and athletic ability which is vital for successful completion of an activity such as distance running (Prieto-González and Sedlacek, 2022). In addition, flexibility test showed some very positive results when compared to both the z-score and normative data. This indicates and explains that the individuals’ outcome is much greater that the average of the group and falls in the 89th percentile which explains a great range of motion and joint mobility crucial for optimal running performance and injury prevention (Sulkowska-Daszyk and Skiba, 2022). Lastly, the individuals' values indicated a high carbohydrate metabolism compared to fats which indicates that glycogen stores known as primary source of energy during exercise are being actively utilized to fuel muscles contractions and sustain the pace (Gupta et al., 2017). Hence, adequate glycogen stores and importance of proper carbohydrate intake is vital to sustain performance and recommended intake equals to around 7–10 g/kg/day about 3–4 days prior competition and up to 10–12 g/kg/day in the 48h before the race (Ravindra et al., 2022). Additionally, during the race, typical consumption of 30-60g/hour of carbohydrate such as gels or sports drinks is essential (Ravindra et al., 2022).

To improve the Vo2max, running economy results and enhancing overall endurance performance, there are several remedies that could be implemented by the individual such as more often engagement in aerobic exercises or HIIT to challenge cardiovascular system and increase oxygen uptake (Storen et al., 2008). Additionally, getting involved in more strength training to improve strength, power and endurance focusing on areas relevant to running performance and being consistent while gradually increasing training volume and intensity also allowing for recovery could help with achieving better results (Lee, Snyder and Lundstrom, 2020; Prieto-González and Sedlacek, 2022). The limitation of this study includes comparing the tests results to the mixture of genders which could lead to the inaccurate assessment of the individual needs as males and females possess physiological differences.

Conclusion 
There are many physiological demands for marathon running. By evaluating, addressing and improving physiological parameters, individuals can enhance their performance potential and increase their likelihood of achieving their goals. 















Word count- 2330














References
Blagrove, R. C., Howatson, G., & Hayes, P. R. (2018) ‘Effects of strength training on the physiological determinants of middle- and long-distance running performance: A systematic review’, Sports Medicine, 48(5), pp. 1117–1149. Available at: https://doi.org/10.1007/s40279-017-0835-7  
 
Chobanian, A.V., Bakris, G.L., Black, H.R., Cushman, W.C., Green, L.A., Izzo Jr, J.L., Jones, D.W., Materson, B.J., Oparil, S., Wright Jr, J.T. and Roccella, E.J. (2003) ‘Seventh report of the joint national committee on prevention, detection, evaluation, and treatment of high blood pressure’, Hypertension, 42(6), pp. 1206-1252. Available at: https://doi.org/10.1161/01.HYP.0000107251.49515.c2  
 
Davison, R. C. R., Smith, P. M., Hopker, J., Price, M. J., Hettinga, F., Tew, G. and Bottoms, L. (eds) (2022) Sport and exercise physiology testing guidelines: Volume 1 – sport testing. The British association of sport and exercise sciences guide. 5th edn. Abingdon, UK: Routledge.  
 
Gupta, R.D., Ramachandran, R., Venkatesan, P., Anoop, S., Joseph, M. and Thomas, N. (2017) ‘Indirect calorimetry: from bench to bedside’, Indian Journal of Endocrinology and Metabolism, 21(4), pp. 594-599. Available at: https://doi.org/10.4103/ijem.ijem_484_16 
 
Hausswirth, C. and Lehénaff, D. (2001) ‘Physiological demands of running during long distance runs and triathlons’, Sports Medicine, 31(9), pp. 679-689. Available at: https://link-springer-com.ezproxy.uwtsd.ac.uk/content/pdf/10.2165/00007256-200131090-00004.pdf (Accessed: 27 April 2024).  
 
Hawley, J.A. and Leckey, J.J. (2015) ‘Carbohydrate dependence during prolonged, intense endurance exercise’, Sports Medicine, 45, pp.5-12. Available at: https://doi.org/10.1007/s40279-015-0400-1  
 
Hoffmann, M.D., Colley, R.C., Doyon, C.Y., Wong, S.L., Tomkinson, G.R. and Lang, J.J. (2019) ‘Normative-referenced percentile values for physical fitness among Canadians’, Health Rep, 30(10), pp.14-22. Available at: https://www.doi.org/10.25318/82-003-x201901000002-eng  
 
Lee, E.J., Snyder, E.M. and Lundstrom, C.J. (2020) ‘Effects of marathon training on maximal aerobic capacity and running economy in experienced marathon runners’, Journal of Human Sport and Exercise, 15(1), pp. 79-93. Available at: https://doi.org/10.14198%2Fjhse.2020.151.08  
 
Legaz-Arrese, A., Munguía-Izquierdo, D., Nuviala, A.N., Serveto-Galindo, O., Urdiales, D.M. and Masía, J.R. (2007) ‘Average VO2max as a function of running performances on different distances’, Science & Sports, 22(1), pp. 43-49. Available at: https://doi.org/10.1016/j.scispo.2006.01.008  
 
Liguori, G. (ed.) (2021) ACSM’S Guidelines for Exercise Testing and Prescription. Eleventh edition. Philadelphia: Lippincott Williams & Wilkins.  
 
Parmar, A., Jones, T.W. and Hayes, P.R. (2021) ‘The dose-response relationship between interval-training and VO2max in well-trained endurance runners: A systematic review’, Journal of Sports Sciences, 39(12), pp. 1410-1427. Available at: https://doi.org/10.1080/02640414.2021.1876313  
 
Pi-Sunyer, F.X. (2000) ‘Obesity: criteria and classification’, Proceedings of the Nutrition Society, 59(4), pp. 505-509. Available at: https://doi.org/10.1017/S0029665100000732  
 
Predel, H.G. (2014) ‘Marathon run: cardiovascular adaptation and cardiovascular risk’, European Heart Journal, 35(44), pp. 3091-3098. Available at: https://doi.org/10.1093/eurheartj/eht502  
 
Prieto-González, P. and Sedlacek, J. (2022) ‘Effects of running-specific strength training, endurance training, and concurrent training on recreational endurance athletes’ performance and selected anthropometric parameters’, International Journal of Environmental Research and Public Health, 19(17), article number 10773. Available at: https://doi.org/10.3390/ijerph191710773  
 
Ravindra, P.V., Janhavi, P., Divyashree, S. and Muthukumar, S.P. (2022) ‘Nutritional interventions for improving the endurance performance in athletes’, Archives of Physiology and Biochemistry, 128(4), pp.851-858. Available at: https://doi.org/10.1080/13813455.2020.1733025  

Saunders, P.U., Pyne, D.B., Telford, R.D. and Hawley, J.A. (2004) ‘Factors affecting running economy in trained distance runners’, Sports Medicine, 34(7), pp. 465-485. Available at: https://doi.org/10.2165/00007256-200434070-00005  
 
Sperlich, B. (2016) ‘Marathon running: Physiology, psychology, nutrition and training aspects’, Springer, pp.1-12. Available at: http://ndl.ethernet.edu.et/bitstream/123456789/36201/1/Christoph_%20Zinner.pdf#page=6 (Accessed: 27 April 2024).  
 
STØREN, Ø., Helgerud, J.A.N., Støa, E.M. and Hoff, J.A.N. (2008) ‘Maximal strength training improves running economy in distance runners’, Medicine & Science in Sports & Exercise, 40(6), pp.1087-1092. Available at: https://doi.org/10.1249/mss.0b013e318168da2f  
 
Sulowska-Daszyk, I. and Skiba, A. (2022) ‘The influence of self-myofascial release on muscle flexibility in long-distance runners. International Journal of environmental research and public health, 19(1), p.457. Available at: https://doi.org/10.3390/ijerph19010457  
 
Trowell, D., Vicenzino, B., Saunders, N., Fox, A. and Bonacci, J. (2020) ‘Effect of strength training on biomechanical and neuromuscular variables in distance runners: a systematic review and meta-analysis', Sports Medicine, 50, pp.133-150. Available at: https://doi.org/10.1007/s40279-019-01184-9  
 
Walker, O. (2016) Need Analysis. Available at: https://www.scienceforsport.com/needs-analysis/ (Accessed: 27 April 2024).  


	
	
	



image.png
Variable

Body Fat %

Standfeeeh em) -
S

25 0 05 1
zscore

15




