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Case study report

Report of a CPET From a Sub-Elite Marathon Runner
Introduction
Running a marathon as a sub-elite athlete (sub 2:38 hour marathon (World Marathoner, 2025)) places enormous demands for prolonged times on the human body. Understanding what the body needs to perform at this level is a key part of the journey. According to Ruta (2024) one of the most important measures of a distance runner’s engine size is knowing their VO2 max. VO2 max is a measure of how much oxygen the body can use and consume during intense exercise (Poole et al, 2012). Sub-elite males typically register a VO2 max value between 65 and 75 mL·kg⁻¹·min⁻¹ (Smirmoul, 2013).  Although it is important to know that a bigger VO2 max does not automatically mean running a faster marathon, the key thing to know is how efficiently a runner can use that engine over the 42.2 kilometers and economically they move at race pace – using as little energy with every stride means there’ll be more left in the tank when it counts. Fuelling that engine across the full distance comes down to a constant balancing act between burning carbohydrates and burning fat – this is where the concept of ventilatory thresholds becomes enormously important (Dabonneville et al, 2003). The first ventilatory threshold, known as VT1, marks the point during increasing exercise intensity where the body is still using fat oxidation, but carbohydrate usage is getting slightly higher and breathing begins to noticeably increase – at this stage, conversion becomes uncomfortable but is still possible, and for a sub-elite runner in specific this typically corresponds to an easy to steady training session (Daanen, 2012). The second ventilatory threshold (VT2), represents a much harder effort, this is the point at which lactate accumulates rapidly in the blood (LT2), breathing becomes very heavy and the effort becomes very difficult to sustain for long periods (Regnier et al, 1985). For a sub-elite marathoner, race pace sits in the key zone between VT1 and VT2, meaning the body is burning through carbohydrate stores at a considerable rate while still using fat oxidation to preserve those precious glycogen reserves for as long as possible. Fat oxidation is a slower but virtually inexhaustible fuel source (Romer et al, 2024), and well trained marathon runners develop a greater ability to burn fat at higher intensities compared to recreational runners, which is a direct result from years of high training volume which stimulates adaptations in the muscle’s ability to process fat efficiently (Pearson et al, 2024). Despite this, carbohydrate remains superior at marathon race pace, and a runner carrying approximately 2000 calories of stored glycogen at the start line will almost certainly exhaust those stores before the finish if they do not take additional carbohydrates during the race – typically between 30 and 90 grams of carbs an hour through gels, drinks and chews – dependent on what their guts are able to handle (Maughan et al, 2018). When glycogen stores run critically low (usually between kilometre 30 to 35) performance deteriorates sharply as the body struggles to maintain pace – this is infamously known as hitting the wall. Layered on top of all this are the stresses of neuromuscular fatigue, rising core temperature, fluid loss (through sweat), and also the cumulative mechanical toll that 40,000 or more ground contact places on the body and its muscles. Body composition also plays a significant role in marathon performance. Sub-elite male runners typically carry very low body fat which is around 6-13% (Kenney et al, 2019), while maintaining enough lean muscle mass to generate power and absorb the repetitive impact of racing and training. Carrying excess body weight, whether fat or unnecessary muscle, simply means more load to transport over the 42.2 kilometres – making a lean but strong physique a key physical characteristics of runners at the level.
Method
The cardiopulmonary exercise test (CPET) was conducted using a MetaLyzer 3B-R3 metabolic analysis system (Cortex-medical.com) which was paired with an h/p/cosmos Coscom V4 treadmill (h/p/cosmos sports & medical gmbh, Nußdorf–Traunstein, Germany)
. The test was performed under controlled laboratory conditions, with a room temperature of 23.6°C, a barometric pressure of 1008 mBar, and humidity of 50% - these were all measures to ensure accurate gas analysis calibration, and also to allow for appropriate correction of ventilatory and metabolic variables. Prior to the test, the client signed a Par-Q form and gave informed consent. He (a 37 year old male, weighing 71kg) was fitted with a medium blue mask to allow for continuous breath-by-breath collection of expired gases throughout the testing duration. Baseline anthropometric and biological data were recorded before the test started, and the client’s estimated fitness level was noted as competitive, which informed the selection of an appropriate incremental protocol which is designed to take the client to true maximal effort. The test followed a graded incremental ramp protocol increasing at 1km/h per minute, this was a continuous increasment in speed instead of jumping per minute. This progressive increase in speed elevated the physiological demand on both the aerobic and anaerobic systems in a controlled manner, taking the client from moderate aerobic intensities in the early stages to the maximal effort by the end of the test. Throughout the test, the MetaLyzer system continuously measured and recorded a comprehensive range of physiological variables on a breath by breath basis, which included oxygen usage (VO2), carbon dioxide output (VCO2), minute ventilation (VE), respiratory exchange ratio (RER), breathing rate, heart rate and substrate utilisation (Carbohydrates and fat oxidation rates in grams per hour). The heart rate was measured using a Polar Verity Monitor (Polar Electro Oy, Kempele, Finland) to track the cardiovascular response across the speed. The ventilatory thresholds (VT1 and VT2) were then identified through analysis of ventilatory equivalents and the RER response curve, which provided key markers of aerobic and anaerobic transition. The test ended at 16 minutes and 32 seconds when the client indicated maximal fatigue – he reported a perceived exertion of 19-20 on the Borg RPE  scale (Borg, 1982) this shows that there was a true maximal effort prior to ending.










Results
Table 1
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[image: ]As shown in table 2, the client completed a maximal CPET – as shown by the peak RER of 1.18 Thomas et al (2021) discovered that anything above 1.15 is a maximal effort, this is also supported by his peak hr of 191 bpm. He achieved a VO2 max of 4.43L/min or 62ml/min/kg.
 VT1 was reached at 6 minutes and 25 seconds at a speed of 11.9km/h, with a VO2 of 2.77L/min - equating to 62% of his VO2 max. At this point his fat oxidation was recorded at 35g/hour alongside a carbohydrate rate of 99g/hour, with a total energy expenditure of 803kcal/hour. Hr at this point was 151bpm
VT2 was reached at 11 minutes and 57 seconds at a speed of 17.4km/h, with a VO2 of 4.06L/min, equating to 92% of his VO2 max. At this point is is notable that his fat oxidation had fallen entirely to 0g/hour, with carbohydrate oxidation increasing to 269g/hour. Total energy expenditure of 1215kcal/hour. Hr at this point was 182bpm.
He reached his peak values after 15 minutes and 39 seconds at a speed of 21.1km/h, with a VO2 of 4.43L/min. this was where carbohydrate oxidation peaked at 294g/hour. 

Figure 1
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The client’s Z-score profile, comparing his CPET results against trained runners (Wiecha et al, 2023), there were 3330 male endurance runners that were 36.24±8.45 years old. Had a BMI of 23.94 ± 2.43 and VO2max of 53.81 ± 6.67 ml/min/kg. His VO2 max sits 1.2 standard deviations above the norm of this group, and his speed RCP reaching nearly 2 standard deviations above the norm. His most notable weakness is his ventilation efficiency at the anaerobic threshold with it sitting approximately 1.4 standard deviations below the norm – suggesting his ventilatory efficiency at lower intensities is a relative weakness.

Interpretation
This client has a specific goal of breaking the 2 hour 30 minute marathon. By analysing the data it paints the picture of a physiologically strong endurance runner, but there will be specific targets and smart training rather than incorporating more milage. At 62ml/min/kg the client’s VO2 max is exceptional for a 37 year old male and sits comfortably within the range of sub-elite marathon runners. One of the stand out markers during this analysis was the client’s VT2 relative to VO2 max – with a VT2 at 92% of his VO2 max, this is an excellent ratio and reflects a well-developed ability to sustain high aerobic intensities before crossing into the high lactate accumulation zone. Ruta (2024) describes VT2 as the critical barrier, beyond which energy provision moves decisively toward anaerobic pathways, making its position relative to maximal oxygen intake one of the most important determinants of sub-elite performance. At the client’s VT2 speed of which was 17.4km/h or 3:27 minute per kilometre, this sits below or faster than the 3:33 minute per kilometre for the sub 2:30 hour marathon pace. This is a positive finding as it suggests the client is currently racing at or very close to his respiratory compensation point. Which means that any upward shift in VT2 would translate to a faster sustainable race pace . By pushing VT2 speed from 17.4km/h to 17.8-18km/h would bring the sub 2:30 hour marathon within range from a metabolic standpoint (Joyner, 1991). 
The utilisation of carbohydrates and fats is a key factor aswell. At VT1, the client was oxidising 35g/hour of fat alongside 99g/hour of carbohydrate – by VT2 fat oxidation had fallen entirely to zero. This complete drop of fat oxidation at race specific intensities means that the client would be running the marathon almost entirely on carbohydrates – making him heavily dependant on glycogen availability and carbohydrate intake during the race. Kenney et al (2019) highlights that glycogen depletion remains one of the primary causes of sudden drops in performance in endurance events. This shows the importance of either preserving stores through improved fat oxidation or intaking high volume of carbohydrates mid-race. Research by Romer et al (2024) showed that improvements in peak fat oxidation are associated with enhanced endurance performance outcomes – which suggests that this is a meaningful and trainable metric. By improving fat oxidation marginally, this would spare glycogen and potentially delay the metabolic deterioration. This is mostly targeted by training at zone 2 (hr), where fat metabolism is maximally stimulated (Ruta, 2024).
The area of concern while analysing the client’s results is the ventilatory response at the anaerobic threshold. The client’s VE AT sits approximately 1.4 standard deviations below the norm of the z-scores. This indicates that at VT2 the client is ventilating considerably less than would be expected for someone producing this level of metabolic output at high intensity. This suggests that the ventilatory system isn’t responding proportionately to rise in CO2 and lactate at VT2, which then has direct implications for acid-base regulation and CO2 clearance during the most demanding portions of the marathon. When the body is unable to ventilate properly in response to accumulating metabolic byproducts, the buffering capacity of the blood becomes stressed and the RPE rises sharply (Ruta, 2024). Poole et al (2012) highlights that the link between ventilatory kinetics and sustained high-intensity exercise is critical and a poor ventilatory response at the anaerobic threshold may limit the client’s ability to maintain race pace in the closing stages of the marathon. This is arguably the most physiological limitation found during the analysis. But it could be targeted by high intensity (zone 5) work where the client would be repeatedly exposed to the intensities around VT2, according to Kenney et al (2019), this may improve the ventilatory response over time.

In summary, the client has the aerobic ceiling to run a sub 2 hour 30 minute marathon, and the CPET data provides a clear and scientific evidence-based map for how to get there. The VO2 max of 62ml/min/kg isn’t the limiting factor, but what stands in between the 7 minute improvement from a 2 hour 37 minute marathon time is the development of the physiological infrastructure. By raising VT1 closer to the 70-75% mark of VO2 max, pushing VT2 speed beyond 17.4km/h, addressing the blunted ventilatory response at the anaerobic threshold and also improving fat oxidation at close to race pace (3:33min/km) would build the foundation to execute the sub 2 hour 30 minute marathon. 
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Age | Sex
Weight | Height
BMI

Test date

Test duration

37 years / Male
71.0kg /183 cm
21

24 March 2026

16 min 32 sec — terminated at RPE 19-20
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Variable VTl VO: Peak
Time (mm:ss) 06:25 11:57 15:01-15:39
Speed (km/h) 11.9 17.4 211
VO: (LImin) 277 4.06 4.43
VO./kg (mliminlkg) 39 57 62
% VO Peak 62% 92% 100%
Heart rate (bpm) 151 182 191
RER 0.86 1.03 1.18
Fat oxidation (g/h) 35 0 0
CHO oxidation (g/h) 99 269 204
Energy expenditure (kcall/h) 803 1,215 1,326
Ventilation V'E (L/min) 60.7 128.6 181.1
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Z-score Profile (CPET vs Runner Norms)
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