	27000712
	Exercise Physiology Case Study Report
	BMSS5001



Introduction
Ironman triathlon is an ultra‑endurance event consisting of a 3.8-kilometre swim, 180-kilometre cycle and 42.2-kilometre marathon run completed consecutively. Competition duration commonly exceeds eight hours, and up to a total of 17 hours (Ironman cut-off) placing extreme and prolonged demands on the cardiovascular, respiratory and metabolic systems (Muñoz et al., 2014). Unlike shorter endurance events, Ironman triathlon is characterised by sustained submaximal intensities, with performance determined by the athlete’s ability to preserve physiological homeostasis over extended periods rather than by short-term power output.
The energetic demands of Ironman triathlon are dominated by aerobic metabolism, with oxidative phosphorylation supplying the vast majority of ATP throughout competition (Jeukendrup et al., 1998). Consequently, the physiological profile required for success is distinct from that of shorter endurance or intermittent sports and prioritises aerobic efficiency, fatigue resistance and metabolic control. Although maximal oxygen uptake (V̇O2 max) remains an important determinant of endurance potential, research has demonstrated that absolute V̇O2 max alone is a relatively poor predictor of Ironman performance (Joyner and Coyle, 2008; Muñoz et al., 2014).
More influential than V̇O2 max per se is the fraction of V̇O2 max that can be sustained for prolonged durations, typically represented by ventilatory or lactate thresholds (Haverty et al., 1988). Elite Ironman triathletes generally perform competition workloads close to the first ventilatory threshold (VT1), an intensity that permits high rates of fat oxidation and reduces reliance on limited muscle glycogen stores (Stöggl and Sperlich, 2015). As such, a high VT1 expressed as a percentage of V̇O2 max is considered a hallmark of Ironman specific endurance fitness.
Ventilatory thresholds reflect critical metabolic transitions during incremental exercise. VT1 corresponds to the initial disproportionate increase in ventilation relative to oxygen uptake, whereas the second ventilatory threshold (VT2) reflects a more pronounced ventilatory response associated with metabolic acidosis (Poole and Jones, 2017). While VT2 capacity may be relevant for shorter endurance events, its relevance to Ironman triathlon is secondary compared with the ability to sustain work below VT1 for several hours.
Additional determinants of Ironman performance include cardiovascular efficiency, substrate utilisation patterns, and body composition. Elite Ironman triathletes typically demonstrate a high stroke volume, often reflected by an elevated oxygen pulse, which enhances the efficiency of oxygen delivery during prolonged exercise. In conjunction, a relatively low body mass contributes to improved movement economy and a reduced metabolic cost of locomotion, particularly during the marathon phase of competition (Knechtle et al., 2019). 
These physiological adaptations work synergistically to delay fatigue and sustain performance over extended durations. Importantly, such characteristics are predominantly developed through prolonged exposure to high-volume, endurance-specific training, rather than through an emphasis on high-intensity or maximal efforts alone. 
The subject of this case study is a male athlete transitioning from a background in judo and rugby to Ironman triathlon. Given the fundamentally different physiological demands of power‑ and strength-oriented sports compared with ultra‑endurance competition, a comprehensive physiological assessment is required to determine how closely the subject’s current capabilities align with Ironman specific requirements and to identify priority areas for performance development.
Method
A laboratory-based case study design was employed to assess the subject’s physiological responses to maximal incremental exercise using cardiopulmonary exercise testing (CPET). CPET is widely regarded as the gold standard method for evaluating the integrated function of the cardiovascular, pulmonary and metabolic systems during exercise (van der Zwaard et al, 2021; Poole and Jones, 2017).
The participant was a healthy 20‑year‑old male endurance athlete training for Ironman triathlon. Prior to testing, the participant completed a pre‑exercise health screening questionnaire and was informed of the risks and benefits associated with maximal exercise testing. Written informed consent was obtained, and all procedures were conducted in accordance with institutional ethical guidelines.
Pulmonary gas exchange variables were measured continuously using a MetaLyzer 3B‑R3 metabolic cart (Cortex Biophysik GmbH, Leipzig, Germany). The system was calibrated in accordance with manufacturer instructions before testing. Exercise was performed on a motorised treadmill (h/p/cosmos sports & medical gmbh), and heart rate was recorded continuously using a Polar H10 chest-strap monitor (Polar Electro Oy, Kempele, Finland), ensuring accurate measurement of cardiovascular response throughout the test. Ratings of perceived exertion (RPE) were obtained using the Borg 6–20 scale (Borg, 1982).
The participant completed a graded incremental running test to volitional exhaustion. Following a standardised warm-up, treadmill speed was increased in a progressive manner designed to elicit continuous increases in metabolic demand (1km/h per minute). The test was terminated upon volitional exhaustion, defined as an RPE of 19–20, or upon attainment of recognised physiological criteria for maximal effort, including a respiratory exchange ratio (RER) ≥ 1.10 and near‑maximal heart rate (Liguori et al., 2021).
Respiratory variables were recorded breath‑by‑breath and averaged over 15‑second intervals for analysis. Peak oxygen uptake (V̇O2 peak) was defined as the highest value achieved during the final stage of exercise.
Ventilatory thresholds were identified using established ventilatory equivalent methods derived from breath‑by‑breath gas exchange data. VT1 was determined as the point at which ventilation (V̇E) increased disproportionately relative to oxygen uptake (V̇O2), without a concurrent rise in ventilation relative to carbon dioxide output (V̇CO2). This response reflects the initial increase in CO2 production associated with bicarbonate buffering of hydrogen ions, marking the transition from moderate to heavy exercise intensity. In contrast, VT2 was identified as the subsequent point at which both ventilatory equivalents (V̇E/V̇O2 and V̇E/V̇CO2) increased markedly, indicating the onset of metabolic acidosis and a greater reliance on anaerobic metabolism (Poole and Jones, 2017).
The identification of these thresholds provides important insight into the subject’s capacity to sustain submaximal workloads and tolerate higher exercise intensities, particularly in the context of endurance performance. As VT1 is closely associated with sustainable exercise intensity during ultra-endurance events, and VT2 reflects the upper limit of prolonged exercise tolerance, both thresholds were considered critical for evaluating performance potential. The subject’s values were subsequently compared with published physiological characteristics of elite male Ironman triathletes, allowing for contextualisation of performance level and identification of key physiological differences relative to elite endurance standards.

Results
The participant achieved a maximal oxygen uptake (V̇O2peak) of 54 ml/kg/min (4.63 L/min) during the incremental running test. A peak respiratory exchange ratio (RER) of 1.12 was recorded, alongside a maximal heart rate of 206 beats per minute, indicating that a maximal effort was attained. The calculated maximal oxygen pulse was 22 ml/beat, reflecting the volume of oxygen utilised per cardiac cycle.
The first ventilatory threshold (VT1) was identified at an oxygen uptake of 42 ml/kg/min, corresponding to 77% of V̇O2 peak. The second ventilatory threshold (VT2) occurred at 51 ml/kg/min, equivalent to 94% of V̇O2 peak. These thresholds represent key transition points in the subject’s metabolic response to increasing exercise intensity.
Comparison with published data for elite male Ironman triathletes indicates that the subject’s relative V̇O2 peak is substantially lower than the values typically reported for world‑class long course athletes, which commonly fall within the range of 65–80 ml/kg/min (Joyner and Coyle, 2008; Muñoz et al., 2014), thereby highlighting a key limitation in maximal aerobic capacity relative to elite performance standards.
However, VT1 expressed as a percentage of V̇O2 peak falls within the range commonly observed in elite endurance athletes (75–85%), indicating a comparable relative submaximal threshold position. In contrast, VT2 occurred at a higher proportion of V̇O2 peak than typically reported for elite Ironman athletes, who generally demonstrate VT2 values between 85–92% of V̇O2 max (Poole and Jones, 2017).
The participant’s body mass was recorded as 85 kg, which exceeds the typical range reported in elite male Ironman triathletes (approximately 68–75 kg) (Knechtle et al., 2019). 
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Figure 1. Comparison to student data. Age, height, weight, VO2 Max, Body Fat.

Table 1. Cardiopulmonary exercise testing (CPET) characteristics for runners (Wiecha et al., 2023).
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Figure 2. Z-Score comparison to published data by Wiecha et al., 2023.

Discussion & Conclusion
This case study aimed to evaluate the physiological profile of an athlete preparing for Ironman triathlon and to compare these characteristics with those reported in elite long course triathletes. The findings indicate that, while the subject demonstrates a well‑developed aerobic foundation, several key physiological differences remain when compared to elite performance standards. This distinction reflects the multifactorial nature of endurance performance, where success in triathlon is determined not only by aerobic capacity, but also by the interaction of variables such as threshold physiology, exercise economy and anthropometric characteristics (van der Zwaard et al., 2021). 
The subject’s relative V̇O2 peak of 54 ml/kg/min exceeds typical normative values for recreationally trained endurance athletes and indicates a well-developed aerobic capacity. However, elite male Ironman triathletes consistently demonstrate substantially higher V̇O2 max values, commonly exceeding 65 ml/kg/·min (Muñoz et al., 2014). Given that V̇O2 max reflects the integrated capacity of the cardiovascular, respiratory and muscular systems to deliver and utilise oxygen, it effectively sets the upper limit for aerobic energy production (Wagner, 2023). Consequently, the disparity observed between the subject and elite performance standards suggests that maximal aerobic capacity remains a key limiting factor in the athlete’s progression toward elite Ironman competition.
Despite this limitation, the subject’s VT1 occurring at 77% of V̇O2 peak represents a relative strength. Elite Ironman racing is typically performed at intensities close to VT1, and a higher VT1 allows athletes to sustain greater absolute workloads while maintaining predominantly oxidative metabolism (Haverty et al., 1988; Stöggl and Sperlich, 2015). This finding suggests that the subject is relatively efficient at submaximal intensities, an attribute that is highly relevant for long duration endurance events.
In contrast, VT2 was identified at an unusually high proportion of V̇O2 peak (94%). While this indicates strong tolerance to near maximal aerobic intensities, VT2 capacity is less critical for Ironman triathlon, where prolonged efforts above VT1 are both unnecessary and undesirable. Elevated VT2 relative to elite Ironman norms may reflect residual adaptations from the subject’s background in rugby and judo as these sports place greater emphasis on high‑intensity metabolic pathways. Excessive reliance on these pathways during prolonged endurance events can increase carbohydrate utilisation and accelerate glycogen depletion (Jeukendrup et al., 1998).
Cardiovascular efficiency, as reflected by oxygen pulse, appeared adequate. However, elite Ironman triathletes typically exhibit lower heart rates at comparable submaximal workloads, reflecting superior long-term cardiovascular adaptations (Joyner and Coyle, 2008). Furthermore, the subject’s body mass exceeds values commonly reported in elite Ironman athletes. Increased body mass elevates the energetic cost of locomotion, particularly during the marathon phase, and directly reduces relative V̇O2 max when expressed per kilogram of body mass (Knechtle et al., 2019).
To progress toward an elite Ironman physiological profile, training should prioritise improvements in relative aerobic capacity, metabolic efficiency, and durability at subthreshold intensities, rather than further enhancing near‑maximal performance. Increasing training volume below VT1 is recommended to enhance fat oxidation capacity and reduce reliance on carbohydrate metabolism during prolonged exercise (Stöggl and Sperlich, 2015). Long‑duration, low‑intensity sessions should therefore form the foundation of the training programme.
Discipline specific tempo sessions near VT1 may further enhance Ironman specific performance by improving fatigue resistance at race‑relevant intensities (Haverty et al., 1988). High‑intensity interval training targeting V̇O2 max may be included in moderation to raise the subject’s aerobic ceiling; however, such work should represent a small proportion of total training load given the predominantly aerobic demands of Ironman triathlon (Joyner and Coyle, 2008).
Finally, gradual optimisation of body composition may yield meaningful improvements in relative aerobic capacity and running economy, thereby enhancing overall Ironman performance potential as excess body mass increases the energy cost of movement and negatively impacts running economy, particularly during the marathon phase (Knechtle et al., 2019).
To optimise performance, training should prioritise:
· Increased volume of low-intensity (Zone 2) training to improve fat oxidation
· Development of duration-specific endurance through long steady-state sessions
· Strategic inclusion of VO2 max intervals to raise aerobic capacity
· Gradual optimisation of body composition
In conclusion, the subject demonstrates a physiological profile well suited to endurance sport participation, characterised by strong ventilatory threshold positioning and adequate cardiovascular responses. However, comparison with elite Ironman physiology highlights lower relative aerobic capacity and elevated body mass as key limiting factors. Addressing these areas through long term, endurance specific training strategies is essential for progression toward elite Ironman performance standards.
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Table 3. Cardiopulmonary exercise testing (CPET) characteristics for runners.

Derivation group n=1998

Testing group n=666

Validation group n=666

Variable (unit) Mean c SD Mean c SD Mean =} SD
VO, (mL-min~kg™) 384 38.1-38.8 501 385 38.3-38.7 4.88 38.1 37.7-385 516
RERur 0.87 0.86-0.87 0.04 0.87 0.86-0.87 0.04 0.87 0.86-0.87 0.04
HR,; (beats-min™) 1515 150.8-152.3 10.3 151.0 150.6-151.5 10.8 1520 151.2-152.8 108
VE,; (L-min”) 791 78.1-80.0 122 783 77.8-789 120 772 76.3-78.2 120
SPEED,; (km-h™") 10 10.9-11.1 145 10 11.0-11.1 136 109 10.8-11.0 142
LA+ (mmol-L™") 208 202-2.14 0.63 1.80 1.76-1.83 0.62 235 227-242 072
VO,5cp (ML-minkg™) 475 47.0-480 5.88 477 47.4-480 6.15 473 46.8-47.8 6.16
RERgce 1.00 1.00-1.00 0.04 1.00 1.00-1.00 0.04 1.00 1.00-1.00 0.03
HR:ce (beats-min™) 1734 172.7-174.1 9.21 1732 1728-173.6 930 1743 1735-1750 9.50
VEzce (Lmin™) 147 1135-116.0 159 1139 113.1-114.6 16.7 1127 111.4-114.0 162
SPEED:cs (km-h™") 14.0 13.9-14.1 177 14 14.0-14.1 1.70 139 13.8-14.1 175
LAgcs (mmol-L™") 4.72 4.63-4.82 1.04 4.40 4.34-4.45 1.04 4.81 4.69-4.93 114
VO, (mL-min~-kg™) 538 53.3-54.3 6.67 543 54.0-54.6 6.95 538 53.3-543 7.09
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