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Key Points

1) The use of intermittent exercise as a practical, time-
efficient approach to fitness is not a new concept.

2) Cardiorespiratory fitness is a critical health marker
and “guideline” physical activity may not be optimal.

3) Interval exercise training is infinitely variable, can be
appropriately scaled, and may elicit superior responses.

4) Intensity is more important than volume, and brief
vigorous exercise can be extremely effective.
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Key Points
1) The use of intermittent exercise as a practical, time-
efficient approach to fitness is not a new concept.
2) Cardiorespiratory fitness is a critical health marker “Fast and short repetitions with suitable recoveries... are superior to even
and “guideline” physical activity may not be optimal. speed running around the track for the development of endurance.”
3) Interval exercise training is infinitely variable, can be — Lauri Pihkala, 1916
appropriately scaled, and may elicit superior responses.
4) Intensity is more important than volume, and brief

vigorous exercise can be extremely effective.
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PubMed search: Interval-training

Key Points

450
400 | Optimum Patterns of Exercise for Healthy Adults
s50 B ——— 1) The use of intermittent exercise as a practical, time-
efficient approach to fitness is not a new concept.
300 “Interval training is equally
250 || effective or even more effective” 2) Cardiorespiratory fitness is a critical health marker
200 and “guideline” physical activity may not be optimal.
Canad. Med. Ass. J.
150 Mar. 25, 1967, vol. 96 3) Interval exercise training is infinitely variable, can be
100 appropriately scaled, and may elicit superior responses.
50
o 4) Intensity is more important than volume, and brief
1950 1960 1970 1980 1990 2000 2010 2020 vigorous exercise can be extremely effective.
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Importance of Assessing Cardiorespiratory Fitness Importance of Assessing Cardiorespiratory Fitness
in Clinical Practice: A Case for Fitness as a Clinical in Clinical Practice: A Case for Fitness as a Clinical
Vital Sign Vital Sign
A Scientifil From the Heart A Scientific From the Heart
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Separate Effects of Intensity and Amount of EffeEts of hl‘gﬁ'_'i”te”ﬂty interval training on BJ
Exercise on Interindividual Cardiorespiratory C abolic health a systematic review Eod v

and meta-analysis of intervention studies & e edine
Fitness Response

65 intervention studies stratified based on training duration and BMI
Sedentary obese adults performed ~150 min/wk of continuous exercise at 50% VOzmax for 24 wk

Outcome (%) ‘Standardized Mean Difference Outcome P (%) ‘Standardized Mean Difference
Random, 95% CI el
z Bad ko) 2 . Body mass (k0) " i
£ 129
« . . . .
“our finding that low-intensity exercise performed for about 150 min/wk may not be HIIT may serve as a tlme-eﬂlc!en_t SUbSt_Imte or i.-ls a comp.llment tofommonly
sufficient to improve CRF for a substantive proportion of adults is reason for concern.” recommended MICT in improving cardiometabolic health.
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Key Points What Is Interval Training?
Alternating periods of more intense effort and recovery in a single session
1) The use of intermittent exercise as a practical, time-
efficient approach to fitness is not a new concept. " o . o
PP P Aerobic Interval Training Resistance Interval Training
(e.g., “cardio”-style exercise) (e.g., bodyweight exercise)
2) Cardiorespiratory fitness is a critical health marker
e A & A
and “guideline” physical activity may not be optimal. Sprint interval training (SIT) i }
‘near max’ to ‘all out' Maximal efforts to failure
3) Interval exercise training is infinitely variable, can be
appropriately scaled, and may elicit superior responses. High-intensity interval training (HIIT) Vigorous but not all out
280% of HRmax
4) Intensity is more important than volume, and brief . . ) .
vigorous exercise can be extremely effective. Light-moderate intermittent exercise Light calisthenics
e.g., interval walking
nsringitazn MeMaster
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ini Walking Training on Glycemic Control,

What Is Interval Training? Body o) o o and Pt ysical Fi n
in Type 2 Di ic Pati

A randomized, controlled trial

Intensity (Power)
Older (= 60 y), obese (BMI = 30) T2D; 60 min/session, 5 d/wk for 4 months
Continuous or Interval Walking (~66% HRmax) or non-training Control

Slightly varying the pace of exercise
may yield better results (in same time)

VOzpeak - e e = s .. I

“Interval walking is superior to energy-matched continuous walking (and) may therefore be a
good option when considering which type of training...should be offered in primary care.”

Time (i T B e i
P=005
ime (min) N1 $
McMaster McMaster
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High-Intensity Interval Training Absolute Intensity is Relative!

Intensity (Power)

Hard but submaximal efforts may yield
better results (with some time savings)

VOzpeak

4 x4 minutes HIT

Time (min)

McMaster
Karlsen et al. Prog Cardiovasc Dis. 60: 67-77, 2017. Uiy g
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HIIT Improves CRF Better than MICT in Clinical Populations

Aerobic Interval vs. Cont

High-intensity interval

ing in patien nuous ismBaiicnts
o . rem h Coronary Artery Di o m An Updated
with lifestyle-inducedcardiometabolic disease:]  systematic Review and Meta-AnSewsts wus on Secondary
a systematic review and meta-analysis Outcomes
igl y interval traip " of high-inter inten inj " i ]
training fe J i i fitness in patients. winl type 2 diabe(es:l
review and a systematic review and meta-analysis
Weston et sl Br J Sports Med 2014: Hannan et al. Open Access J Sports Med 2018; McMaster
www.martingibala.com Patiyn et al. Sports Med 2018; Liu et al. Aging Clin Exp Res 2018. LI

Cardiovascular Risk of High- Versus Moderate-Intensity
Aerobic Exercise in Coronary Heart Disease Patients

. PhD: Trine Moholdt, PhD: Hilde Bakken, BSc: Torstein Hole, MD, PhD:
D, PhD; Nils Erling Myhr, BSc: Jostein Grimsmo, MD, PhD; Ulrik Wisloff, PhD

High-Intensity Interval Training for Patients With Cardiovascular
Disease—Is It Safe? A Systematic Review

Oivind Rog
Per Mglstad. \

Total Moderate High
Center Patients, n  Training, h  Intensity, h Intensity, h
Alesund 5 25720 (1) 15232 10488 (1) Clinical Perspective
Feiring 2629 85208 (2) 63032 (1) 22176 (1) P
What Is New?
: . N * High-intensit) terval training appears to be relatively safe
“The risk of a cardiovascular event is low after both ghvintensity nterval training app e reatively s
high-intensi A 4 moderate-intensit - to conduct in patients with cardiovascular disease, including o
igh-intensity exercise and moderate-intensity exercise. coronary artery disease and heart failure, within tertiary-
care cardiac rehabilitation settings.
‘Myocardial 0 0
infarction
Risk of events 1/58 607 1/129 456 1/23182

McMaster
Cirulation 126: 1436-1440, 2012 Wewege et al. A Heart Assos. 20187:6008305 MMz ‘57
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What About Body Composition?
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The effects of high-intensity interval training vs.
moderate-intensity continuous training on body
composition in overweight and obese adults: a
systematic review and meta-analysis

“Short-term HIIT and MICT exercise both elicit modest improvements,
and of similar magnitude, in body fat levels and waist circumference.”

“Considering HIIT shows similar efficacy (with) less time commitment...
HIIT can be considered a time-efficient alternative for managing
overweight and obese individuals.”

@givaism
omalam@memaster.ca Wewege et al. Obes Rev 18: 635-646, 2017. ]
. martingival com
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Aerobic High-Intensity Intervals Improve
VO2max More Than Moderate Training

40 trained men assigned to 1 of 4 groups matched for total work (3x/wk for 8 wk)

/ LSD (~70% HRmax) |

LT ~85% HRmax |

/ Nk
A
/ 15/15 (~90-95% HRmax)

‘W martingibela.com Helgerud et al., Med Sci Sports Exerc. 39: 665-671, 2007.

Aerobic High-Intensity Intervals Improve
VOzmax More Than Moderate Training

40 trained men assigned to 1 of 4 groups matched for total work (3x/wk for 8 wk)

1 v

“When total work and training frequency are matched, higher
aerobic intensity leads to larger improvements in VOzmax (which)
seem to be a function of increased SV resulting in increased Q.”

=]
LD LT

McMaster
Wi mertingibala,com Helgerud et al, Med Sci Sports Exerc. 39: 665-671, 2007. sy g
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Improvements in exercise performance with high-intensity interval training
coincide with an increase in skeletal muscle mitochondrial content

and function

8-12 x 60-s intervals at ~100% PPO with 75-s recovery (6 sessions over 2 wk)

“The improvements in exercise performance occurred independent from
any alterations in maximal cardiac capacity or blood characteristics (and)
suggest that increases in mitochondrial content may facilitate
improvements in respiratory capacity and oxygen extraction.”

www.martingibala.com Jacobs et al. J Appl Physiol 115: 785793, 2013,
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Superior mitochondrial adaptations in human skeletal
muscle after interval compared to continuous single-leg
cycling matched for total work

6 sessions per leg over 2 wk

micT
0 mcT *
- = i

Greater mitochondrial
adaptations after interval

»

T ’ °
2150% Wmax g_‘ vs c?ntunuous cycling
TE s despite same total work
HIT ] E
£2 4 Exercise intensity
\ 5% and/or contraction
L SE o
£ pattern is important

[ "4 x5 min at 65% Wmax

www.martingibala.com Maclnnis et al., J Physiol 595: 2955-2968, 2017.
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Javier Botella,’

Amanda J. Genders,’

Matthew J-C. Lee,’

Nicholas J. Saner, Jujiao Kuang,’
Xu Yan," and Cesare Granata®

High-Intensity Exercise and
Mitochondrial Biogenesis: Current
Controversies and Future Research
Directions

T towe 1R 10 1ROS
TNADNADH 1 AP

Bishop et al. Physiology 34: 56-70, 2019.
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Human muscle fibre type-specific regulation of AMPK and
downstream targets by exercise

30 min continuous at ~70% or 6 x 1.5 min intervals at ~95% VO2peak

B oo -
m

Main effect of exercise in CON (p < 0.01)
Main effect of exercise i type | fiores (p < 0.01)
400 { Main effect of exercise in type Il fibres (p < 0.01)

“increased activation of

§ o AMPK in interval vs.
g - B continuous exercise could
% 1 be important for exercise
1001 = 1 [7 & type-specific adaptations”
BN | |
Basal  Exorse | Basal  Exe
Continuous nterval

wwwrartingibala.com Kristensen et al.J Physiol 590: 20532069, 2015,

McMaster
.

Exercise-induced metabolic fluctuations influence AMPK,
p38-MAPK and CaMKIl phosphorylation in human skeletal
muscle

30 min continuous or 30 x 1-min intervals (1-min recovery) at ~70% VO2peak

4 ocoN
miNT

“metabolic fluctuations
caused by the succession
of on- and off-transients
during intermittent exercise
are critical (for adaptation)”

Pre  +0h +3h
McMaster
Combes et al. Physiol Rep 3: e12462, 2015, sy g
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Key Points

1) The use of intermittent exercise as a practical, time-
efficient approach to fitness is not a new concept.

2) Cardiorespiratory fitness is a critical health marker
and “guideline” physical activity may not be optimal.

Sprint Interval Training

Intensity (Power)

A few brief hard efforts can yield
similar results in much less time

VO2peak —————————————

3) Interval exercise training is infinitely variable, can be
appropriately scaled, and may elicit superior responses.
o . . MICT |
4) Intensity is more important than volume, and brief
vigorous exercise can be extremely effective. Time (min)
McMaster McMaster
wwwmartingibala.com versy e artingibta.com ety g
i ini i iPLOS|ONE e
Twelye Weeks o_f Sprint In_ter_val Tralnlng_lmproves Indices of ) o The Interval Tralnlng “Sweet Spot”?
Cardiometabolic Health Similar to Traditional Endurance Training 38991 3692
despite a Five-Fold Lower Exercise Volume and Time Commitment .
Intensity (Power)
Insulin Sensitivity (IVG
ST mict ty (VETD) A few brief vigorous efforts, not ‘all out’,
Protocol 3x 20-s sprints 50 mi . i i
(;gdeﬁg v’/‘iminsfoprf""i‘" mmir"':":us - . o and low total time commitment?
Workload ~500 W (50 W) ~110W £ 12 VO2zpeak - .@. i
RPE 16 (hard) 13 (somewhat hard) ; o n A return to 5BX (1961)?
E
Mean HR ~83% 3% : 1[5
Workisession ~60kJ ~300 kKJ : .
wict st oTL
Time (min)
etgiasm MeMaster siringacon
Topical Review  ( Full Access A Practical and Time-Efficient
t . High-Intensity Interval Training
Physiological basis of brief vigorous exercise to improve health - frontiers Program Modifies Cardio-Metabolic
I r—— in Endocrinology Risk Factors in Adults with Risk
Factors for Type |l Diabetes
06 November 2019 | https:/doi.org/10.1113/)P276849
5 x (60-s at ~95% VO2max with 90-s recovery) = <15 min; 3x/wk for 6 wk (n=136)
Brif vigorous exercise
15 A 15
3% 1 T | .
“With a total time-commitment of <15 min per session and reliance on a practical
7 ¥ ergometer protocol, 5-by-1 HIT offers a new solution to modulate cardio-
metabolic risk factors in adults with pre-existing risk factors for type 2 diabetes”
30 s
I 7o 61 1041130P21885. e f e ——— s et Fron En 0228017 ey
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Effects of low-volume high-intensity interval training in a community
setting: a pilot study

Sedentary healthy adults trained 2x/wk for 8 wk

“Low volume HIIT can be feasibly
implemented in the real world...

practical (non all-out) HIIT regimens
requiring <30 min/wk may induce

significant improvements in VO2max

and cardiometabolic risk markers.”

Relfo D et al. EurJ Appl Physiol 118:1153-1167, 2015 MMasier

Brief Intense Stair Climbing Improves =
Cardiorespiratory Fitness

3 x 20-s sprints over 10-min period (RPE ~15/20 or “hard”), 3x/wk for 6 wk

a1/ B

Allison et al. Med Sci Sports
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Short and sporadic bouts in the 2018
US physical activity guidelines: is high-

Even a 20-Second Exercise

‘Snaqk’ Can Improve Fitness intensity incidental physical activity the
o i e et e o . new HIIT?

=

vei20. iness-interval-raining htmi
‘Stamatakas et al. Br J Sport Med 2019 Feb 20. pif: bjsporls-2018-100397.
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Short and sporadic bouts in the 2018
US physical activity guidelines: is high-
intensity incidental physical activity the
o migh e e e i s new HIIT?

Even a 20-Second Exercise
‘Snack’ Can Improve Fitness

“On top of ‘move as often as
possible and sit less’, public
health and clinical practice
could emphasise simple
messages analogous to ‘huff
and puff regularly’.”

iness-interval-training.html

i vei20.
‘Stamatakas et al. Br J Sport Med 2019 Feb 20. pif: bjsports-2016-100397.

A scoping review of the psychological responses
to interval exercise: is interval exercise a viable
alternative to traditional exercise?

“emerging data gupport the viability of
interval exercise as an alternative to
continuous exercise...

While interval exercise may not be it e ’

ideal or preferred by all, it may provide
a viable option for many.”

| Stork et al., Health Psych Rev 11: 324-344, 2017. |

Interval Training: Take Home Messages

1) Elicits large improvements in cardiorespiratory fitness,
often superior to continuous exercise.

2) Modest changes in other health indices, comparable to
traditional exercise but in less time.

3) Mounting evidence that practical, time-efficient models
are viable and efficacious in “real world” settings.

4) There is no single best approach and intervals offer
variety that broadens the options to chose from.

www.martingibala.com University

McMaster
W




