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• Demonstrate the mechanisms by which acute application of intermittent 
compared to continuous exercise lessens exertional symptoms in chronic 
respiratory diseases

• Review the efficacy of intermittent compared to continuous exercise 
training in patients with chronic respiratory diseases

• Provide practical considerations to implement different intermittent 
exercise modalities in the pulmonary rehabilitation setting



Pulmonary Rehabilitation: evidence of true physiological training effects

Peak work rate 
Peak oxygen uptake
Oxygen uptake @ Lactate threshold
Ventilatory requirement and dyspnoea
Muscle fiber size
Muscle fiber capillarisation
Oxidative enzyme activity

Maltais et al. AJRCCM 2014: ATS/ERS Updated Statement on limb muscle dysfunction in COPD

Spruit et al. AJRCCM 2013: ATS/ERS Statement on Pulmonary Rehabilitation 



High-intensity constant-load training is superior to moderate intensity training

80% Peak Work Rate 50% Peak Work Rate

Casaburi et al. AJRM 1991

FEV1 : 56% Pred.



Severe COPD cannot sustain high intensity constant-load exercise

FEV1 = 36 % 

Intensity of training and physiologic adaptation in patients with chronic obstructive 
pulmonary disease. Maltais et al, AJRCCM. 1997 
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Dyspnea, Ventilatory Pattern, and Changes in Dynamic Hyperinflation Related to the Intensity of Constant 
Work Rate Exercise in COPD*

Puente-Maestu et al. Chest. 2005

FEV1:  41  % Predicted



High Intensity Intermittent Exercise

When a healthy person sustained high-intensity constant-load 
cycling work (170 Watts) endurance time was limited to 9 min

 When the same load (170 Watts) was performed 
intermittently (alternating work and rests of 0.5 min, or 1 min) 
the individual sustained the load for 1 hour

 It was found that the heavy work was transformed into a 
submaximal load on respiration and circulation with the 
shorter work periods of 0.5 and 1 minute.

Astrand, I., Astrand, P-O., Christensen, E. H., & Hedman, R. (1960). 
Intermittent muscular work. Acta Physiologica Scandinavica, 48, 448-453.



Physiological Rationale for intermittent exercise

 During the recovery phases there is partial restoration of 
muscle phosphocreatine levels to rapidly regenerate ATP

 During the recovery phases there is partial reloading of 
myoglobin stores promoting oxidative degradation of 
glycogen and lower reliance on anaerobic glycolysis

  Alteration of exercise with rest maintains cardiac output 
and minute ventilation at relatively constant levels

Astrand, I., Astrand, P-O., Christensen, E. H., & Hedman, R. (1960). 
Intermittent muscular work. Acta Physiologica Scandinavica, 48, 448-453.



9

Physiological Rationale for interval training

Astrand, I., Astrand, P-O., Christensen, E. H., & Hedman, R. (1960). Intermittent muscular work. Acta Physiologica Scandinavica, 48, 448-453.



Application of interval exercise in severe COPD

Vogiatzis I. et al. ERJ 2004



High intensity interval exercise in COPD

Patient: COPD
Intervention: Interval exercise (IE)
Comparator: constant load exercise (CLE)
Outcome: exercise tolerance



Physiological measures during constant load and interval exercise



Respiratory, central haemodynamic, metabolic and symptom responses



Arterial and local muscle oxygen saturation



• Acute alteration of maximal and moderate intensity exercise, compared to constant load 
exercise sustained at the same average power output:

1. Places comparable loads on respiration and circulation to constant load exercise with 
lower exertional symptoms 

2. Leads to a two-fold increase in total work output and endurance time

• Interval exercise is deemed safer than constant load exercise as arterial oxygen 
desaturation is only mild compared with constant load exercise 

Application of intermittent exercise in COPD
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Intermittent compared to continuous walking in COPD

Continuous: ESWT (85% ISWT)
Intermitent: 1-min at 85% ISWT

1-min rest



Physiological & symptom responses during continuous and intermittent walking

Intermittent
Contnuous



• Continuous exercise at 70% peak work rate (PWR)
• Interval exercise at 100% PWR for 30 sec alternated with 30 sec 

at 40 % PWR

Contrasting interval to continuous exercise of equivalent work rate

High intensity interval exercise in Cystic Fibrosis



Representative case

• 32-year old female with cystic fibrosis
• FEV1: 45% predicted 
• FVC: 64% predicted
• Endurance time at 70% PWR: 15 min
• Exertional dyspnea (1-10 Borg scale): 8

Time (min)

70%

100%

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 



High Intensity Interval Exercise



Arterial oxygen saturation in Cystic Fibrosis 
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Symptoms during Continuous and Interval Exercise in Cystic Fibrosis
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Application of interval exercise training during Pulmonary Rehabilitation in Cystic Fibrosis



Effects of interval & continuous exercise in CF

Interval exercise

Continuous exercise



• Intermittent compared to continuous exercise training:

1. Is superior in improving locomotor and respiratory muscle strength 

2. It is associated with lower breathlessness and oxygen desaturation during training

• It is deemed safer than constant load exercise as arterial oxygen desaturation is only mild 
compared with constant load exercise 

Application of intermittent exercise in Cystic Fibrosis





Application of Interval Exercise in IPF



Application of Interval Exercise in Pulmonary Hypertension





Interval exercise

Continuous exercise





Comparison of the effect of interval versus continuous exercise on Peak Work Rate (Watts)



Comparison of the effect of interval versus continuous exercise on Dyspnoea (Borg 1-10)



Comparison of the effect of interval versus continuous exercise on leg discomfort (Borg 1-10)



Conclusions

• Prolongs endurance time 
• Reduces ventilatory requirement and breathlessness
• Reduces metabolic acidosis and leg discomfort
• Interval exercise affords greater work intensities with reduced symptoms
• Implementation of high-intensity interval exercise may maximize the 

magnitude of the physiological training effects

Benefits of intermittent versus continuous exercise:



BTS Guidelines for Pulmonary Rehabilitation
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