
Ventilation and Anaerobic Threshold 

Ventilation and anaerobic threshold are two crucial components in understanding how the 

body responds to exercise. Ventilation refers to the movement of air in and out of the lungs, 

which facilitates gas exchange, oxygen (O₂) enters the bloodstream, and carbon dioxide 

(CO₂) is removed. The anaerobic threshold (AT), also known as the lactate threshold or 

ventilatory threshold, is the point during exercise at which the body transitions from 

primarily aerobic metabolism to anaerobic metabolism. 

This transition involves both physiological and metabolic changes that affect the ventilatory 

response. Understanding how these processes interact is key to assessing exercise 

performance, endurance, and overall fitness. 

Ventilation during exercise 

Ventilation during exercise is a dynamic process that increases to meet the body's growing 

demand for oxygen (O₂) and to expel excess carbon dioxide (CO₂), a byproduct of energy 

production. During low to moderate intensity exercise, the body predominantly uses aerobic 

metabolism, and ventilation increases gradually. However, as exercise intensity rises, 

ventilation increases disproportionately, primarily due to a rise in CO₂ production and the 

body’s need to buffer the resulting acid (lactic acid) buildup. 

Key Factors Influencing Ventilation: 

1. Tidal Volume (VT): As exercise intensity increases, tidal volume increases to take in 

more air with each breath. 

2. Respiratory Rate (f): At higher exercise intensities, the respiratory rate increases to 

further enhance air exchange and meet the oxygen demands of the muscles. 

3. Minute Ventilation (VE): Minute ventilation, which is the total volume of air 

exchanged per minute, increases significantly during exercise. It is the product of tidal 

volume and respiratory rate. As exercise intensity intensifies, minute ventilation rises 

sharply. 

Anaerobic Threshold (AT) 

The anaerobic threshold (AT), also known as the lactate threshold or ventilatory 

threshold, represents the exercise intensity at which the body shifts from primarily aerobic 

energy production to an increasing reliance on anaerobic pathways. At this point, the body 

can no longer produce energy efficiently through aerobic metabolism alone, leading to a rise 

in lactate levels in the blood and an increase in CO₂ production. 

The AT is important for understanding endurance performance because it marks the boundary 

between exercise intensities that can be sustained for long periods and those that cannot. 

Metabolic Changes at Anaerobic Threshold: 

1. Shift in Energy Production: Below the AT, the body primarily uses aerobic 

metabolism, relying on oxygen to produce ATP from carbohydrates and fats. At or 

above the AT, anaerobic metabolism becomes more dominant. This process leads to 



the production of lactate (lactic acid) and an accumulation of hydrogen ions (H⁺), 

which causes the blood pH to decrease (become more acidic). 

2. Increase in Lactate Production: As exercise intensity increases, lactate production 

exceeds the body's ability to clear it, leading to a rise in blood lactate concentration. 

This accumulation contributes to fatigue and discomfort during high-intensity 

exercise. 

3. CO₂ Production and Buffering: To buffer the excess acid from lactate, the body 

increases the production of bicarbonate (HCO₃⁻) to neutralize hydrogen ions. This 

buffering process generates additional CO₂, which is expelled by the lungs. As a 

result, ventilation increases disproportionately to oxygen consumption once the AT is 

surpassed, in order to expel the increased CO₂ and help maintain pH balance. 

Physiological Relationship of Ventilatory, Lactate, and Anaerobic Thresholds 

 During low-intensity exercise, energy is produced mainly through aerobic 

metabolism, and although some lactate is formed in the muscles, it is removed or 

utilized at the same rate at which it is produced. As exercise intensity increases, the 

rate of glycolysis becomes higher and lactate begins to accumulate because its 

production becomes faster than its removal. The point at which blood lactate starts to 

rise noticeably is called the Lactate Threshold. 

 The accumulating lactate releases hydrogen ions (H⁺), which are buffered by 

bicarbonate in the blood. This buffering reaction produces additional carbon dioxide 

(CO₂). The increase in CO₂ stimulates the respiratory center, leading to a sudden and 

disproportionate increase in breathing. This stage is known as the Ventilatory 

Threshold. 

 At the same time, because the demand for energy is high, anaerobic glycolysis begins 

to contribute more significantly to ATP production. Therefore, this stage is also 

referred to as the Anaerobic Threshold. These thresholds occur at approximately the 

same exercise intensity and represent the transition from predominantly aerobic 

metabolism to increased reliance on anaerobic energy production. 

 

Clinical and Performance Implications 

1. Endurance Performance: The anaerobic threshold is a critical indicator of endurance 

performance. Athletes who can exercise at higher intensities without reaching 

their anaerobic threshold can maintain a higher pace for longer periods. Training 

can shift the anaerobic threshold to higher intensities, allowing for better performance 

at sustained efforts. 

2. Training Adaptations: Endurance training increases the body's ability to use oxygen 

efficiently, delays the onset of lactate accumulation, and shifts the anaerobic 

threshold to higher intensities. As a result, trained individuals can perform at higher 

intensities before experiencing the discomfort of lactate accumulation and the 

associated rise in ventilation. 

3. Exercise Testing: The measurement of ventilatory and lactate thresholds is often 

used in exercise testing to assess an individual’s aerobic fitness and endurance 

capacity. It helps identify the intensity at which an individual transitions from 

efficient, sustainable aerobic exercise to more fatigue-inducing anaerobic exercise. 



Note: 

1. Ventilation increases during exercise to meet the increased demand for oxygen and to 

expel excess CO₂ produced during metabolism. 

2. The anaerobic threshold (AT) represents the point at which the body switches from 

aerobic to anaerobic metabolism, leading to a rise in lactate and CO₂ production. 

3. The ventilatory threshold (VT) occurs just before the AT and marks the point where 

ventilation increases disproportionately to oxygen consumption, primarily due to 

increased CO₂ production from buffering metabolic acidosis. 
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