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1) To explain the physiological basis of interval training for 
endurance performance enhancement.

Learning Objectives
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2) To interpret evidence regarding the effect of various interval 
training strategies on endurance performance.



What Is (High-Intensity) Interval Training?
Intermittent bouts of relatively hard effort and recovery periods

Intensity
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How to Classify Training Intensity?

Coates et al. Sports Med 2023. (in press).
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How to Classify Training Intensity?

Coates et al. Sports Med 2023. (in press).



Martin Gibala, PhD Image: https://upload.wikimedia.org/wikipedia/commons/0/06/Roger_Bannister_1953.jpg (image);
Seiler et al. 2010. doi: 10.1123/ijspp.5.3.276.

“HIT (high-intensity interval training) is a 
critical component in the training of all 

successful endurance athletes…

an approximate 80-to-20 ratio of LIT to 
(threshold)/HIT… gives excellent long-

term results among endurance athletes.”



6 HIIT sessions (6-8 x 5 min @ 80% PPO) over 4 wk in male cyclists (n=12)

Lindsay et al. Med Sci Sports Exerc 1996. doi: 10.1097/00005768-199611000-00013.

“a 4-wk program of HIT increased the PPO and fatigue resistance of 
competitive cyclists and improved their 40-km time-trial performance…

The extent to which physiological versus psychological factors may be 
responsible for the improvement in performance is not easily determined.”
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6 HIIT sessions (6-8 x 5 min @ 80% PPO) over 4 wk in male cyclists (n=6)

Weston et al. Eur J Appl Physiol 1997. doi: 10.1007/s004210050119.



“Oxidative muscle enzyme activities were not altered by the HIT regime (but) Bm 
was sensitive to sustained submaximal HIT in already well-trained cyclists and 
emerged as a significant predictor of high-intensity endurance performance.”
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6 HIIT sessions (6-8 x 5 min @ 80% PPO) over 4 wk in male cyclists (n=6)

Weston et al. Eur J Appl Physiol 1997. doi: 10.1007/s004210050119.



Martin Gibala, PhD Jones et al. J Physiol 2023. doi: 10.1016/j.cell.2014.10.029.
(Redrawn from Joyner & Coyle J Physiol 2008. doi: 10.1113/jphysiol.2007.143834)



Rønnestad et al. Scand J Med Sci Sports 2020. doi: 10.1111/sms.13627. (Image: Pixabay)

9 sessions over 3-wk of ~20 min of work intervals at maximal sustainable effort (n=18)
“short” = 3 series of 9 x 30-s (15-s recovery) or “long” = 4 x 5 min (2.5 min recovery)
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9 sessions over 3-wk of ~20 min of work intervals at maximal sustainable effort (n=18)
“short” = 3 series of 9 x 30-s (15-s recovery) or “long” = 4 x 5 min (2.5 min recovery)
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VO2peak 
(ml/kg/min)

Pre-training Post-training

Short (SI) 73.3 ± 3.6 75.5 ± 2.7 *

Long (SI) 72.7 ± 4.9 73.6 ± 6.2

“SI induces superior training adaptations on endurance and performance 
parameters compared with LI in elite cyclists (despite) similar effort …

 The findings would be strengthened if reproduced after a longer training 
intervention (and) approaches to investigate the underlying mechanisms.”

Rønnestad et al. Scand J Med Sci Sports 2020. doi: 10.1111/sms.13627. (Image: Pixabay)
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48 men (~63 ml/kg/min) performed 24 sessions over 8 wk of HIIT (4 x 4-min @ 
95% MAS) or one of two SIT protocols (8-10 x 20-30 s @ 150-175% of MAS)

“HIIT 4 x 4 min is superior for increasing V̇O2max compared with SIT protocols (and) 
should be the recommended interval format for aerobic performance.”



Martin Gibala, PhD Helgured et al. Scand J Med Sci Sports 2023. doi: 10.1111/sms.14470.

81 females (~52 ml/kg/min) performed 24 sessions over 8 wk of HIIT (4 x 4-min 
@ 95% MAS) or one of two SIT protocols (8-10 x 20-30 s @ 150-175% of MAS)

“HIIT improved V̇O2max more than SIT (and was) equally effective in 
females and males of similar training status…

SIT induced an unacceptable rate of muscular strains (and) all-out 
treadmill running (is) potentially more harmful.”



Helgerud et al., Med Sci Sports Exerc. 39: 665-671, 2007.

LSD (~70% HRmax) LT ~85% HRmax

15/15 (~90-95% HRmax) 4 x 4-min (~90-95% HRmax)

40 trained men (~55-60 ml/kg/min) performed matched work training 3x/wk for 8 wk
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Helgerud et al., Med Sci Sports Exerc. 39: 665-671, 2007.

“When total work and training frequency are matched, higher 
aerobic intensity leads to larger improvements in VO2max (which) 
seem to be a function of increased SV resulting in increased Q.”
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40 trained men (~55-60 ml/kg/min) performed matched work training 3x/wk for 8 wk



Martin Gibala, PhD Karlsen et al. Prog Cardiovasc Dis 2017. doi: 10.1016/j.pcad.2017.03.006.

HIIT is Highly Scalable And Not Only for Athletes



Ross R et al. Circulation 2016. doi: 10.1161/CIR.0000000000000461 (left figure);
Kodama et al. JAMA 2009. doi: 10.1001/jama.2009.681 (right data). 

Meta-analysis of >100,000 people:

1-MET ↑ CRF = 13% ↓ mortality

Risk reduction comparable to:
- 7-cm ↓ in waist circumference
- 5-mm Hg ↓ in systolic BP
- 1 mmol in ↓ plasma glucose
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Martin Gibala, PhD Cadenas-Sanchez et al. Eur J Prev Cardiol 2023. doi: 10.1093/eurjpc/zwad309. Online ahead of print.

“All three HIIT modalities produced significant improvements of CRF, 
although some modalities showed greater changes for (some) indicators.”



Is The Appropriate Intensity Mix Dependent on Volume?
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~3 h/wk? ~30 min/wk?~30 h/wk (~80:20)

HIIT

And does this depend on the training goal(s) i.e. performance vs health?



SIT MICT

Protocol 3 x 20-s ‘all out’ 
sprints over 10 min

50 min continuous 
moderate intensity

Mean HR 79±4% 71±5%

RPE /20 16±1 (hard) 13±1 (somewhat hard)

Gillen et al. PLOS ONE 2016. doi: 10.1371/journal.pone.0154075.
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12 wk of training (3x/wk) of SIT, MICT or non-exercise control in sedentary men



3 x 20-s efforts over 10 min, 3x/wk for 6 wk (n=8-12)

Allison et al. Med Sci Sports Exerc 2017. doi: 10.1249/MSS.0000000000001188;
Gillen et al. PLOS ONE 2014. doi: 10.1371/journal.pone.0111489.
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Peak HR ≤90%max
Mean HR ~80%max over 10 min

“Climb the stairs as quickly and safely as possible, taking one step at a time.’’

RPE ~15/20
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Stair Climbing Cycling
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3 x 20-s efforts over 10 min, 3x/wk for 6 wk (n=8-12)
“Climb the stairs as quickly and safely as possible, taking one step at a time.’’

Allison et al. Med Sci Sports Exerc 2017. doi: 10.1249/MSS.0000000000001188;
Gillen et al. PLOS ONE 2014. doi: 10.1371/journal.pone.0111489.
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Brief (≤ 1 min) burst of vigorous exercise 
spread throughout the day

Exerc Sports Sci Rev 2022. doi: 10.1249/JES.0000000000000275.

Intensity
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VILPA = Brief (≤ 1-2 min) bouts of vigorous activity spread throughout the day 

Stamatakis et al. Nature Med 2022. doi.org/10.1038/s41591-022-02100-x
Inserts: Stamatakis et al. 2021. doi: 10.1007/s40279-020-01368-8; Doherty et al. 2016. doi:10.1371/journal.pone.0169649.g001.

>25,000 ‘nonexercisers’ in the UK Biobank over a follow-up of ~7 years

“The median daily VILPA 
duration of 4.4 min per day was 

associated with a 26%-30% 
reduction in all-cause and cancer 

mortality and a 32%-34% 
reduction in CVD mortality risk.”



1) High-intensity interval training is a critical element to enhance 
performance in high-level endurance athletes.

Take Home Points
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2) The specific intensity distribution and training prescription to 
optimize responses is unclear (and depends on many factors).

3) Brief vigorous intermittent activity is a time-efficient strategy to 
improve functional capacity and health in less-trained individuals.



Thank you!

www.martingibala.com
gibalam@mcmaster.ca
@gibalam


