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Introduction: What is VO2 Max
Maximal oxygen uptake (VO₂max) is the highest rate at which oxygen can be consumed, transported, and utilized during intense exercise. It is a key indicator of cardiorespiratory fitness and is widely used in research, clinical evaluation, and sports performance to guide training, assess health risks, and monitor interventions (Martin-Rincon & Calbet, 2020). It reflects the integrated capacity of cardiovascular, pulmonary, and muscular systems to deliver and utilize oxygen. VO₂max is typically expressed relative to body mass (mL·kg⁻¹·min⁻¹) to allow comparisons across individuals. VO₂max is determined through graded exercise testing (GXT), which involves progressively increasing workload until exhaustion, with gas exchange analysis to measure oxygen consumption (Poole & Jones, 2017).
Physiological Basis
VO₂max depends on the oxygen transport cascade: pulmonary uptake, cardiac output, peripheral extraction, and mitochondrial utilization. The Fick equation (VO₂ = Q̇ × (CaO₂ − CvO₂)) illustrates that VO₂max can increase through higher cardiac output, arterial oxygen content, or peripheral extraction (Martin-Rincon & Calbet, 2020). In healthy individuals, cardiac output is usually the main limiting factor, while trained athletes may be limited by peripheral adaptations (Vehrs et al., 2022).
Testing Protocols
Treadmill tests generally yield 5–15% higher VO₂max than cycling in non-cyclists due to greater muscle mass involvement (Martin-Rincon & Calbet, 2020). Common treadmill protocols include Bruce and Balke-Ware, while cycling uses Astrand or ramp protocols. Tests typically last 8–12 minutes, with controlled lab conditions (20–22°C, 40–60% humidity) and continuous gas analysis (Astorino et al., 2019).
Purpose & Hypothesis
In the Exercise Physiology Laboratory at Okanagan College students performed VO2 max test protocol using a cycle ergometer. The purpose of the test is to determine the participant’s VO₂ max through graded exercise on a cycle ergometer while analyzing expired gases using a metabolic cart. Students apply knowledge from class lectures and textbook resources to understand the test results. Students made a hypothesis, that the test subject would in fact achieve true VO2 max based on the criteria for achieving VO2 max. These criteria will be discussed later in this report.
Methods
Equipment
• Cycle ergometer (electronically or mechanically braked)
• Metabolic cart (calibrated for O₂ and CO₂ analysis)
• Face mask or mouthpiece with tubing
• Heart rate monitor
• Blood pressure cuff (optional)
• Computer with data acquisition software

Protocol
1. Pre-Test Preparation: The participant should avoid heavy meals, caffeine, and strenuous exercise for at least 3 hours before testing. Equipment calibration for gas analyzers and flow meters must be completed.
2. Participant Setup: Fit the participant with a face mask connected to the metabolic cart. Attach a heart rate monitor and adjust the cycle ergometer seat for proper biomechanics.
3. Warm-Up: Begin with a 3–5 minute warm-up at a low workload (e.g., 50 watts).
4. Graded Exercise: Start at 50 watts and increase the workload by 25–30 watts every 2–3 minutes. Maintain a cadence of 60–70 rpm. Continuously record VO₂, VCO₂, ventilation, and heart rate.
5. Termination Criteria: End the test when the participant reaches volitional exhaustion or meets physiological criteria such as:
    • Plateau in VO₂ despite increased workload
    • Respiratory Exchange Ratio (RER) ≥ 1.10
    • Heart rate near age-predicted maximum
6. Cool-Down: Perform a 3–5 minute cool-down at a low workload.

Participant Variables
The participant is a 24 year old female college student. She plays soccer, swims and runs long distances including recent marathons. She is not a cyclist and not used to being on a bike or cycle ergometer. She is not used to wearing a face mask and has never been a participant in a VO2 max test before. Notably, a cycle ergometer test would not yield the same results as a treadmill test for this participant, putting her at a disadvantage for accomplishing her true VO2 max results. 
Results
 Table 1. Participant Data
	Test Information
	

	
	

	Sex
	Female

	DOB
	2001-09-26

	Age
	24

	Height (cm)
	165

	Weight (kg)
	64

	Test Date
	2025-12-01

	Activity Type
	Cycle ergometer



Table 2. VO2max Test Data Summary
	Summary Data
	
	
	
	
	

	Minute
	VE(BTPS)
	VO2
	VCO2
	RER
	VO2
	VCO2

	No.
	L/min
	mL/kg/min
	mL/kg/min
	 
	L/min
	L/min

	1
	25.29
	12.68
	10.62
	0.84
	0.81
	0.68

	2
	23.15
	12.12
	9.69
	0.80
	0.78
	0.62

	3
	27.15
	14.34
	11.51
	0.80
	0.92
	0.74

	4
	32.34
	17.41
	14.16
	0.81
	1.11
	0.91

	5
	37.51
	19.66
	17.06
	0.87
	1.26
	1.09

	6
	41.33
	22.12
	19.46
	0.88
	1.42
	1.25

	7
	50.78
	25.72
	23.56
	0.92
	1.65
	1.51

	8
	54.58
	27.84
	26.12
	0.94
	1.78
	1.67

	9
	69.27
	32.41
	32.33
	1.00
	2.07
	2.07

	10
	84.57
	35.57
	38.06
	1.07
	2.28
	2.44

	11
	93.08
	34.01
	37.87
	1.11
	2.18
	2.42



 Table 3. Max Data Values
	Maximum Values (Raw Data)
	
	

	VE(BTPS)
	VO2
	VCO2
	RER

	L/min
	mL/kg/min
	mL/kg/min
	 

	104.65
	39.26
	42.83
	1.15

	
	
	
	


	Blood Lactate Following Test (mmol/L)

	13.0

	
	
	

	Maximum Heart Rate Reached

	196






Fig. 1. VO2 During the Test


Fig. 2. RER During the Test

Discussion
Criteria for VO₂max Achievement
Confirming true VO₂max is challenging because the primary criterion—a VO₂ plateau despite increased workload—occurs in only 30–70% of tests (Edvardsen et al., 2014). Therefore, secondary criteria are used: respiratory exchange ratio (RER ≥ 1.10), heart rate ≥ 85–90% of age-predicted maximum, rating of perceived exertion (RPE ≥ 17–19), and blood lactate ≥ 8 mmol·L⁻¹ (Weatherwax et al., 2019). VO₂max is accepted if a plateau is observed or at least two secondary criteria are met (Poole & Jones, 2017). 

Table 4. VO2max Criterion
	Criterion
	Typical Threshold
	Notes

	Respiratory Exchange Ratio
	≥ 1.10 (common) / ≥ 1.15 (stricter)
	Indicates anaerobic metabolism and CO₂ buffering; age-dependent cutoffs

	Heart Rate
	≥ 85–90% age-predicted max
	Common but imprecise; stricter cutoffs (92–99%) may be better

	Rating of Perceived Exertion
	≥ 17–19 (Borg scale)
	Subjective measure; ≥18 often used

	Blood Lactate
	≥ 8 mmol·L⁻¹
	Primarily in athletic populations



Hypothesis True – VO2max Achieved 
The participant in the laboratory VO2max protocol at Okanagan College met the primary criteria for achieving VO2max, a plateau in VO2 despite increased workload. She also met 4 other criteria for achieving VO₂max. Blood lactate was 13 mmol·L⁻¹ following the test, which is ≥ 8 mmol·L⁻¹. Maximum HR was 196bpm, for a 24 year old that is 100% Max HR ≥ 85–90% of age-predicted maximum. RER was 1.15 ≥ 1.10. RPE was 18/19 and volitional exhaustion occurred. The participant asked to end the test.
Role of RER in VO₂max Interpretation
Respiratory Exchange Ratio (RER) is calculated as VCO₂ ÷ VO₂ and reflects the balance between carbon dioxide production and oxygen consumption. At rest, RER is typically 0.70–0.85, indicating fat oxidation. As exercise intensity rises, RER approaches 1.00, signaling carbohydrate dominance. At maximal effort, RER often exceeds 1.10 due to increased CO₂ production from bicarbonate buffering of lactic acid (Martin-Rincon & Calbet, 2020). A high RER is critical for confirming VO₂max because it indicates severe metabolic stress and a shift toward anaerobic metabolism. Common thresholds include ≥ 1.10 for general use and ≥ 1.15 for stricter research protocols, while age-adjusted cutoffs (1.06–1.13) may apply for older adults (Weatherwax et al., 2019). If RER remains below 1.00 at peak workload, the test likely reflects submaximal effort. Therefore, RER serves as a key secondary criterion when the VO₂ plateau is absent, and its interpretation should be combined with other indicators such as heart rate and perceived exertion.
Population VO₂max Differences
VO₂max varies substantially by training status. Elite distance runners often achieve values near 68 mL·kg⁻¹·min⁻¹, reflecting years of systematic training and favorable genetics (Laymon et al., 2010). Competitive but non-elite runners average around 54 mL·kg⁻¹·min⁻¹, while sedentary young adults typically measure near 42 mL·kg⁻¹·min⁻¹ (Millet et al., 2023; Marushko et al., 2023). These differences underscore the profound impact of endurance training on aerobic capacity, with elite athletes demonstrating approximately 60% higher VO₂max than sedentary individuals.
Table 5. Normative VO₂max Values (mL·kg⁻¹·min⁻¹)
	Population
	Males
	Females

	Elite endurance athletes
	65–85
	60–75

	Trained recreational
	50–60
	45–55

	Active individuals
	45–52
	38–45

	Sedentary individuals
	35–42
	28–35

	Clinical populations
	< 30
	< 25



Determinants of VO₂max
VO₂max is influenced by multiple factors: Genetics: Heritability estimates exceed 50%, indicating strong genetic contributions to baseline VO₂max and trainability (Moreno-Cabañas et al., 2020). Central Adaptations: Maximal cardiac output, primarily driven by stroke volume, is a major determinant. Elite athletes exhibit stroke volumes exceeding 200 mL per beat and cardiac outputs of 30–35 L·min⁻¹ during maximal exercise (Beltz et al., 2016). Peripheral Adaptations: Enhanced capillary density, mitochondrial content, and oxidative enzyme activity improve muscle oxygen extraction (Beltz et al., 2016). Training History: Structured endurance training can raise VO₂max by 10–20% in previously untrained individuals, though improvements vary (Martin-Rincon & Calbet, 2020). Body Composition: Higher lean mass supports greater oxygen consumption, while excess adiposity reduces relative VO₂max (Millet et al., 2023).
Limitations and Future Directions
Laboratory VO₂max testing faces practical and methodological challenges: Protocol Variability: Differences in modality (treadmill vs. cycle), stage increments, and termination criteria can alter results by 5–15% (Hogg et al., 2015). Population Constraints: In clinical or unfit populations, achieving true maximal effort is often impractical, limiting test validity (Moreno-Cabañas et al., 2020). Ecological Validity: Laboratory conditions may not reflect sport-specific performance (Jemni et al., 2018). Emerging solutions include validated sub maximal protocols, field tests (e.g., Cooper run), and wearable technology for VO₂max estimation. Future research should prioritize standardized protocols, integration of sub maximal markers, and validation of accessible technologies across diverse populations (Ho et al., 2023).
Conclusions
VO₂max remains a cornerstone metric for both athletic performance and clinical health assessment. Differences across populations reflect complex interactions among genetics, cardiovascular capacity, and training history. While laboratory testing is the gold standard, practical limitations necessitate alternative approaches. Continued innovation in technology and methodology will enable broader application of VO₂max as a vital sign of cardiorespiratory health.
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