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Overall Message

Interval training is an infinitely variable form of exercise
that elicits physiological adaptations linked to improved
health and performance in a time-efficient manner.

Physiological Determinants of Performance
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Bangsbo et al. Scand J Med Sci Sports 25 (Suppl. 4): 88-09, 2015.

Characterizing Interval Training

Alternating periods of more intense effort and recovery in a single session
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Buchheit & Laursen, Sports Med 43:313-338, 2013

Physiological Determinants of Performance

Performance Velocity or Power
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Six sessions of sprint interval training increases muscle oxidative potential
and cycle endurance capacity in humans

6 sessions of 4-7 x 30-s ‘all out’ cycle sprints with 4-min recovery over 2 wk
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Burgomaster et al. J Appl Physiol 98: 1985-1990, 2005.
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Short-term sprint interval versus traditional endurance
training: similar initial adaptations in human skeletal
muscle and exercise performance

6 sessions of 4-7 x 30-s ‘all out’ sprints or 90-120 min continuous moderate ex over 2 wk
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ggg;. “intense interval training is a time-
efficient strategy to induce rapid
performance adaptations comparable to
traditional endurance training (despite)
a training volume for the SIT group was
only ~10% that of the ET group.”
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Optimizing Performance in Highly-Trained Individuals?

Roger Bannister breaking the world mille record and the four-minute barrer at ifiey
Road Track in Oxford on 6 May 195. Photograph: Getty Images
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Gibala et l. J Physiol 575: 901-911, 2006. ] ]
Adaptations to swimming training: influence Incorporating HIIT with “Regular” Training: Potential Strategies
of training volume
Ci iate male swi intail or doubled volume for 6 wk during a 25-wk period
soons “the additional training hod
imposed on the LONG group did
not produce a greater
] improvement in performance...
5 - “It is difficult to understand how
F — 3 A training at speeds that are
4 AhA MM A markedly slower than competitive
e am a0 oz a0 pace for 3-4 hed"' will prepare the
WEEKS OF TRANING . .
Figure 1—Total trinng distance during each week of the study. The swimmer for the supramaximal Normal Increase Same Reduce
e e O T o e two groups efforts of competition.” Volume Volume Volume
Gosiil et al. Med Sci Sports Exerc. 23: 371-377, 1991 v Lindsay et al. Med Sci Sports Exerc. 28: 1427-1434, 1996. v
Improved athletic performance in highly Skeletal muscle buffering capacity and endurance performance
trained cyclists after interval training after high-intensity interval training by well-trained cyclists
6 HIIT sessions over 4 wk (6-8 x 5 min @ 80% PPO) 6 HIIT sessions over 4 wk (6-8 x 5 min @ 80% PPO)
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“a 4-wk program of HIT increased the PPO and fatigue resistance of reon Lo P00 s
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cs 3-HAD PFK HK é “
S = T T §
« & ————
Lindsay et al. Med Sci Sports Exerc. 28 1427-1434, 1996 ] Weston et a. Eur J Appl Physiol, 75: 7-12, 1997. ]
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Skeletal muscle buffering capacity and endurance performance
after high-intensity interval training by well-trained cyclists

6 HIIT sessions over 4 wk (6-8 x 5 min @ 80% PPO)

Reduced volume and increased training intensity elevate muscle Na*-K*
pump a-subunit expression as well as short- and long-term work capacity
in humans

Trained runners added SIT and reduced volume by ~25% for ~2 months

Continuous (75% HRmax) B 5-12 x 30 sec “all out” / 3 min

" Relationship between 40 km
kO I LR, [0 4 x 4 min (>85% HRmwg /2
©y  min
“Oxidative muscle enzyme activities were not altered by the HIT regime (but) Bm : o ’
was itive to i st il HIT in already well-trained cyclists and —'5 . 5
emerged as a significant predictor of high-intensity endurance performance.” g 5
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Weston et al. Eur J Appl Physiol 75: 7-12, 1997 sam@namssteces Bangsbo et al.J Appl Physiol. 107: 1773-1780, 2009. ]

Reduced volume and increased training intensity elevate muscle Na*-K
pump a,-subunit expression as well as short- and long-term work capacity
in humans

Trained runners added SIT and reduced volume by ~25% for ~2 months

3 km run Na*K* pump :

“In already trained subjects, further muscle adaptations can occur and
performance can be improved by adding speed endurance training
(combined) with a reduction in training volume.”

Physiological Determinants of Performance
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Optimizing Performance: What Is the Right Mix?
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What is Best Practice for Tr 3
Intensity and Duration Distril 8
in Endurance Athletes? 3 zone 1 | Zone2 [Zone3
5
Stephen Seiler =)
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Exercise Intensity

“HIT is a critical component in
the training of all successful
endurance athletes (and) an ~80-
to-20 ratio of LIT to HIT gives
excellent long-term results.”

Seiler et al. Int J Sports Physiol Perform 5: 276291, 2010.

Six weeks of a polarized training-intensity distribution leads to greater physiological
and performance adaptations than a threshold model in trained cyclists

mink W85 48 (=120°
51790 633 (=119

o
I

“Differcace between POL aad THR (P < 0.05).
Poarised or Theshold aining period
weeks)

g wesk Polarized (POL):
6 x 4-min, Zone 3 intensity, 2-min rest
I PO =330 W, HR = 172 bpm, RPE = 7-8

Conratd deraning period
)

Posrisedor Thesholdtaiing period
(Sweeks)

Threshold (THR):
60 min continuous, Zone 2 intensity
S PO = 275 W, HR = 158 bpm, RPE = 5.6

memaster.ca Neal et al. J Appl Physiol. 114: 461471, 2013 ]
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Six weeks of a polarized training-intensity distribution leads to greater physiological
and performance adaptations than a threshold model in trained cyclists

“A polarized training model
is recommended for trained
cyclists wishing to maximally
improve performance.”

T
;M - “There is, however, much still
% - to be understood regarding
HE the impact (of) different
- training-intensity distributions
in endurance athletes.”
—

Neal et al. J Appl Physiol. 114: 461471, 2013,

Adaptations to aerobic interval training: interactive effects of
exercise intensity and total work duration

Trained cyclists (~52 ml/kg/min) performed 7 wk of continuous low-moderate training

or incorporated 1 of 3 interval pi for overall effort (n=9)
INT Group %HRpeak Blood La RPE
4 16-min 88:2 5:2 1551
4 x 8-min 90:2 103 16+ 1
4 x4 min 9412 1352 191

Seiler et al. Scand J Med Sci Sports 23: 74-83, 2013,

Adaptations to aerobic interval training: interactive effects of
exercise intensity and total work duration

Trained cyclists (~52 ml/kg/min) performed 7 wk of continuous low-moderate training
or incorporated 1 of 3 interval protocols matched for maximal overall effort (n=9)
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“Put in the popular vernacular of training investment and reward, cycling 4 x 8 min
intervals at 90% of HRmax yielded the highest gain for the pain.”
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Seiler et al. Scand J Med Sci Sports 23: 74-83, 2013,

The Effect of Different High-Intensity
Periodization Models on
Endurance Adaptations

Trained cyclists (~60

g/min) i to1of3 load INT protocols (n=20 each)

- Intervention
Mesocycle2 | Mesocycle3 i

Increasing HIT 8 sessions: 8 sessions: 8 sessions:
intensity (INC) | 4x16 min 4x8 min axa min
Decreasing HIT 8 sessions: 8 sessions: 8 sessions:
o el Bl el e
e il Il
intensity and 4 min and 4 min and 4 min

Syita et al. Med Sci Sports Exerc 48: 2165-2174, 2016,

The Effect of Different High-Intensity
Periodization Models on
Endurance Adaptations

Trained cyclists (~60 g/min) i to1of3 hed-load INT protocols (n=20 each)

A Power omin (W)
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“organizing different interval sessions in a specific periodized mesocycle order or
in a mixed distribution during a 12-wk training period has little or no effect on
training adaptation when the overall training load is the same.”

INC DEC MiX

5 10
Change PRE - POST (%) Training group

Sylta etal. Med Sci Sports Exerc 48: 21652174, 2016.
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MEDICINE & SCIENCE
IN SPORTS

Editorial

Performance in Top Sports Involving Intense Exercise

“Evidence-based recommendations are limited because
most of the scientific studies have been performed on
sub-elite athletes.”

Consensus statements

“When long-duration low-intensity training is periodically
supplemented with or partly replaced by high-intensity
interval training, physiological and performance
adaptations are enhanced in highly trained athletes.”
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Nutrition Manipulation of Exercise Adaptation:
Theoretical Basis

Change from baseline

Nutrition Manipulation of Exercise Adaptation:
Theoretical Basis

« Intervention augments power output during
exercise and enhances the training stimulus

« Intervention alters substrate utilization during
exercise and enhances metabolic stress

« Is the surplus or lack of substrate the ‘trigger'?

o 11 voriccxecse wning
Hours Days Weeks "Wonths
Egan & Zieralh, Cell Melab 17: 162-184, 2013 ] v
Nutrition Manipulation of Exercise Adaptation: Exercise with low glycogen increases PGC-1a gene expression
Reduced Carbohydrate Availability in human skeletal muscle
— Plasma 1rra Prasma Trained cyclists performed acute intermittent exercise with normal or low glycogen (n=10)
Hcos)
...... 71 one #
5. WG *x
25n S -1 an _ T
“exercise with low glycogen levels amplifies the expression of the major genetic
marker for mitochondrial biogenesis in highly trained cyclists (and) may be
beneficial for improving muscle oxidative capacity.”
exercise exercise exercise
Hawley & Morton, Ciin Exper Pharm Physiol 41: 608-613, 2014. v Pilander et l. Eur J Appl Physiol. 113: 951-963, 2013, v
Skeletal muscle adaptation and performance responses to once a day versus Skeletal muscle adaptation and performance responses to once a day versus
twice every second day endurance training regimens twice every second day endurance training regimens
Trained cyclists performed single sessions daily or two sessions every other day for 3 wk Trained cyclists performed single sessions daily or two sessions every other day for 3 wk
Train-low 8 o« s
. S iz
Tainhigh O oe o % £3
100 min SS Iy
@ 70% Vi E g
L =
L 100 min SS
@ & @ e FTT— ooty O Hargemes
Yeo et al. J Appl Physiol 105: 14621470, 2008. v Yeo etal. J Appl Physiol 105: 1462-1470, 2008. g
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Skeletal muscle adaptation and performance responses to once a day versus
twice every second day endurance training regimens

Trained cyclists performed single sessions daily or two sessions every other day for 3 wk
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Yeo etal. J Appl Physiol 105: 1462-1470, 2008.

Skeletal muscle adaptation and performance responses to once a day versus
twice every second day endurance training regimens

Trained cyclists performed single sessions daily or two sessions every other day for 3 wk
A A=102%3.1% A=122£23%
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“training twice every second day compromised high-i ity training ity but
augmented selected markers of training adaptation (e.g., mitochondrial content)...
despite creating conditions that, in theory, should enhance endurance
performance capacity, performance of a 1-h time trial (was) similar.”

Yeo et al. J Appl Physiol 105: 1462-1470, 2008,

Manipulating Carbohydrate Availability Between
Twice-Daily Sessions of High-Intensity Interval Training
Over 2 Weeks Improves Time-Trial Performance

Active but not highly trained subjects performed 6 twice-daily HIIT sessions over 2 wk

5 x4 min
Energy-matched high or low-CHO meals
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Cochran et al. IISNEM 25: 463-470, 2015,
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Manipulating Carbohydrate Availability Between
Twice-Daily Sessions of High-Intensity Interval Training
Over 2 Weeks Improves Time-Trial Performance

Active but not highly trained subjects performed 6 twice-daily HIIT sessions over 2 wk
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“Further research is needed to determine whether this type of manipulation can
also enhance performance in highly-trained subjects.”
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Cochran et al. LISNEM 25: 463-470, 2015.

CURRENT OPINION

Fuel for the Work Required: A Theoretical Framework
for Carbohydrate Periodization and the Glycogen Threshold
Hypothesis

+ Should train-low sessions always be left to low intensity-type sessions
or is it the deliberate completion of a high-intensity session (even at

the ofa i in workload) that is really
required to create the metabolic milieu that is conducive to signalling?

+  What is the minimal CHO intake and glycogen concentration required
to facilitate periods of ‘train low’ without compromising absolute
training intensity during specific sessions?

Impey et al. Sports Med. 48: 1031-1048, 2018

Take Home Point

Interval training enhances performance in highly-trained individuals
although the mechanisms are likely different compared to less-
trained individuals; nutritional interventions (e.g, manipulating

carbohydrate availability) can alter acute exercise responses and
selected markers of training adaptation but the impact on
performance is less clear and depends on numerous variables.




