
Ventilation at Rest and During Exercise 

Ventilation refers to the process of moving air in and out of the lungs, facilitating the 

exchange of gases—oxygen (O₂) and carbon dioxide (CO₂)—between the atmosphere and the 

blood. This process plays a crucial role in maintaining the balance of gases in the body, 

supporting cellular metabolism, and ensuring adequate oxygen delivery to tissues. Ventilation 

can be categorized based on the body's activity level—either at rest or during exercise. 

Ventilation at Rest 

At rest, ventilation is regulated primarily to maintain homeostasis, ensuring a steady supply 

of oxygen to tissues while removing excess CO₂, which is a byproduct of cellular 

metabolism. During this state, the body’s ventilation rate (the number of breaths per minute) 

and tidal volume (the volume of air exchanged per breath) are relatively stable. 

Key Parameters of Ventilation at Rest: 

 Tidal Volume (TV): This is the volume of air moved in and out of the lungs with 

each breath. At rest, a typical tidal volume is about 0.5 liters. 

 Respiratory Rate (RR): The number of breaths taken per minute is typically around 

12–16 breaths in healthy adults. 

 Minute Ventilation (VE): This is the total volume of air moved in and out of the 

lungs per minute, calculated as: VE=TV×RR At rest, this comes out to be around 6–8 

liters per minute. 

Respiratory Control at Rest: 

Ventilation at rest is regulated by the central chemoreceptors in the medulla oblongata and 

the peripheral chemoreceptors in the carotid and aortic bodies. These chemoreceptors 

monitor the partial pressures of oxygen (pO2) and carbon dioxide (pCO2) in the blood and 

cerebrospinal fluid (CSF). When CO₂ levels rise, the blood becomes more acidic (lower pH), 

which stimulates the respiratory centers to increase ventilation to expel excess CO₂ and 

restore pH balance. 

 Central chemoreceptors: Located in the brainstem, they respond primarily to 

changes in pCO2. When pCO2 rises the blood becomes more acidic (lower pH), they 

stimulate an increase in ventilation to expel more CO2. 

 Peripheral chemoreceptors: Located in the carotid arteries and aortic arch, they 

sense changes in pO2 and pCO2. When oxygen levels drop or CO2 levels rise 

significantly, these chemoreceptors also stimulate an increase in ventilation. 

The ventilation at rest is a finely tuned process to ensure oxygen delivery to tissues while 

maintaining proper acid-base balance in the blood. 

Ventilation During Exercise 

Exercise places increased demands on the body, requiring greater oxygen delivery to tissues 

and faster removal of CO2. As exercise intensity increases, ventilation adapts in several ways, 

mainly by increasing both the depth and frequency of breathing. 



Low to Moderate Intensity Exercise 

At low-to-moderate exercise intensity (e.g., walking, light jogging), the body increases 

ventilation to meet the metabolic needs of the muscles, which are now working harder than at 

rest. This increase occurs mostly through an increase in tidal volume (TV), with a smaller 

rise in respiratory rate (RR). Here’s how: 

1. Tidal Volume Increase: Initially, the body increases the volume of air exchanged 

with each breath. The tidal volume might increase from 0.5 liters at rest to 1–1.5 liters 

at moderate exercise. 

2. Breathing Frequency: The number of breaths per minute increases but not as 

significantly as tidal volume. For instance, if the resting rate is 12 breaths per minute, 

it may rise to around 20–30 breaths per minute at moderate intensity. 

At these intensities, ventilation still closely matches the metabolic needs of the body. The 

partial pressures of oxygen (pO2) and carbon dioxide (pCO2) remain within acceptable 

ranges, with small increases in CO2 being buffered by an increase in ventilation to maintain a 

balance. 

High Intensity Exercise 

As exercise intensity increases further (e.g., running sprints or heavy weightlifting), the body 

starts to shift more heavily toward increasing respiratory rate (RR), along with tidal 

volume, to meet the higher oxygen demands and more rapid CO2 production. 

1. Tidal Volume and Breathing Frequency: At this point, the increase in tidal volume 

begins to level off, and respiratory rate (RR) becomes the more prominent 

mechanism for increasing ventilation. The tidal volume could increase up to around 

2–3 liters, but the breathing rate may increase to 40–60 breaths per minute (or higher). 

2. Anaerobic Metabolism: As exercise intensity rises, especially when maximal effort 

is approached, the muscles begin to shift toward anaerobic metabolism, producing 

more lactate. This increases the production of CO2, which stimulates ventilation 

further to expel this excess CO2. 

3. Ventilatory Threshold (VT): The ventilatory threshold refers to the point during 

exercise when ventilation begins to increase disproportionately to oxygen 

consumption. This is often linked to the accumulation of lactate in the muscles, which 

leads to an increase in CO2 production, pushing the respiratory system to compensate 

more aggressively by increasing ventilation. VT marks the transition from 

predominantly aerobic to anaerobic energy production. 

Maximal Exercise 

At maximal exercise intensity (e.g., sprinting all-out), the body requires a significant increase 

in ventilation to maintain oxygen delivery and CO2 removal. The system reaches near its 

limit, and the individual may start to feel labored breathing, and respiratory muscle fatigue 

can occur. 

 Minute Ventilation (VE): During maximal exertion, minute ventilation can increase 

up to 30–40 times the resting value, reaching values of 150–200 liters per minute. 



 Respiratory Muscle Fatigue: As exercise intensity peaks, the respiratory muscles 

(diaphragm, intercostals) may fatigue, reducing the efficiency of ventilation. 

 Hyperventilation: Some individuals may begin to hyperventilate at maximal effort as 

they try to expel CO2 more rapidly. This can lead to respiratory alkalosis (a decrease 

in blood CO2 and increase in blood pH), which can induce dizziness or 

lightheadedness. 

The respiratory quotient (RQ), which is the ratio of CO2 produced to O2 consumed, also 

becomes important here. At high intensities, the body’s RQ can exceed 1.0, indicating that 

the body is relying more on anaerobic metabolism, which produces more CO2 for the same 

amount of oxygen consumed. 

Control Mechanisms During Exercise 

The regulation of ventilation during exercise is controlled by several factors: 

1. Central Command: 

o The brain sends signals to the respiratory muscles during exercise to increase 

ventilation in anticipation of the body’s increased oxygen needs, even before 

significant changes in blood gases occur. 

2. Chemoreceptors: 

o Central chemoreceptors in the medulla respond to increasing pCO2 levels, 

stimulating an increase in ventilation to remove CO2. 

o Peripheral chemoreceptors detect changes in oxygen (pO2), CO2 (pCO2), 

and pH in the blood, signaling the brain to adjust breathing. 

3. Mechanoreceptors: 

o Muscle and joint mechanoreceptors detect movement and mechanical strain. 

These send signals to the brain to further increase ventilation, anticipating the 

muscle’s oxygen needs. 

4. Proprioception: 

o The movement of muscles and joints during exercise is detected by 

proprioceptors, which contribute to the regulation of ventilation. 

Ventilatory Efficiency and Exercise Training 

In athletes or individuals who regularly engage in aerobic exercise, ventilatory efficiency 

tends to improve. This means that at a given intensity of exercise, the trained individual will 

exhibit lower ventilation rates, as their cardiovascular and respiratory systems become more 

efficient at utilizing oxygen and removing CO₂. 

Trained individuals can increase their maximal oxygen uptake (VO₂max), which enables 

them to perform at higher intensities with a lower relative increase in ventilation. Their 

ventilatory threshold also shifts to a higher intensity, meaning they can exercise at a higher 

level of intensity before the disproportionate rise in ventilation occurs. 

 

 

 



Summary of Ventilatory Responses to Exercise Intensity 

Intensity 
Tidal 

Volume 

Respiratory 

Rate 

Minute 

Ventilation 
Key Mechanism 

Rest 0.5 L 
12–16 

breaths/min 
6–8 L/min 

Homeostasis through central & 

peripheral chemoreceptors 

Low/Moderate 1–1.5 L 
20–30 

breaths/min 
15–30 L/min 

Increased metabolic demand, CO2 

clearance 

High Intensity 2–3 L 
40–60 

breaths/min 
30–50 L/min 

Increased CO2 production 

(ventilatory threshold) 

Maximal 
2–3 L or 

higher 

>60 

breaths/min 

150–200 

L/min 

Maximum demand on CO2 removal 

& oxygen delivery, possible 

muscle fatigue 
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