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Abstract High intensity interval training (HIIT) has been shown to consistently elicit rapid and
signi�cant adaptations in a number of physiological systems, across many di�erent healthy and
clinical populations. In addition, there is increasing interest in how some acute, yet transient
responses to high intensity exercise potentially reduce the risks of particular diseases. Recent
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work has shown that discrete, brief bouts of high intensity exercise (termed ‘exercise snacks’)
can improve glucose control and vascular health and thus counter the negative cardiometabolic
consequences of prolonged, uninterrupted periods of inactivity. In this brief review, we advance
the case, using evidence available from pre-clinical studies in the exercise oncology literature,
that brief, frequently completed bouts of high intensity exercise embedded within an individual’s
overall daily and weekly physical activity schedule, may transiently impact the tumour micro-
environment and improve the health outcomes for those who have been diagnosed and treated
for cancer.

(Received 7 May 2023; accepted after revision 29 August 2023; �rst published online 21 September 2023)
Corresponding author D. G. Jenkins: University of the Sunshine Coast, Maroochydore, Australia.
Email: djenkins@usc.edu.au

Abstract �gure legend The �gure demonstrates the ‘exercise snack’ hypothesis and how repeated brief bouts of high
intensity exercise completed during the course of a day may impact tumour related outcomes. Pre-clinical data show
that the transient increases in serum concentrations of myokines in response to exercise can suppress breast, colon and
prostate cancer cells growth in vitro. There is a strong rationale that the intensity of these exercise bouts should ideally be
above the ‘anaerobic threshold’, so as to recruit the larger skeletalmusclemotor units. However, theminimumduration of
exercise is not clear; the duration of exercise in those studies that have shown suppression of cancer cell growth following
the application of post-exercise serum has been ≥16 min. Research is yet to determine whether shorter bouts of high
intensity exercise can elicit similar suppression of cancer cell growth. (Created with BioRender.com).

Background

Evidence showing the potency of high intensity inter-
val training (HIIT) to elicit rapid and signi�cant
improvements in cardiorespiratory �tness and skeletal
muscle oxidative capacity in healthy and athletic
populations has led, over the past 15–20 years, to research
examining its safety, feasibility and e�cacy in clinical
populations (Gibala, 2021; Gibala, et al., 2012; Little et al.,
2011). An increasing number of studies show that HIIT
improves a range of health markers (e.g. cardiometabolic
�tness, increased skeletal muscle mass and reduced
body fat) in patients with diabetes, non-alcoholic fatty
liver disease, advanced cardiovascular disease and heart
failure, and in pre-surgery patients, as well as in those who
have been diagnosed and treated for breast, colon and
prostate cancer (Cassidy et al., 2017; Devin et al., 2016;
Hallsworth et al., 2015; Hollekim-Strand et al., 2014;
Papadopoulos et al., 2021; Weston et al., 2016; Wislø�
et al., 2007). There is also growing evidence that high
intensity exercise can elicit transient changes in blood
that may reduce the risks of developing cardiovascular
disease (Little et al., 2014).

The acute in�uence of ‘exercise snacks’ on markers of

cardiometabolic health

Compelling epidemiological data show that prolonged
periods of inactivity increase the risk of cardiometabolic
diseases (Dunstan et al., 2021). Mechanistically, activity-
and inactivity-mediated changes in glucose control and

vascular function have attracted the particular attention
of researchers (Islam et al., 2022; Little et al., 2014). In
their recent narrative review, Islam et al. (2022) describe
how ‘exercise snacks’, which they de�ne as discrete
≤1-min bouts of vigorous exercise performed peri-
odically throughout the day, can lower blood glucose
and insulin concentrations (Ra�ei et al., 2021) and
temporarily improve arterial haemodynamics (Caldwell
et al., 2021). In the present context, exercise snacks can be
considered as planned, structured and repetitive bouts of
physical activity (Caspersen et al., 1985) rather than more
general advice to increase vigorous intermittent lifestyle
physical activity (VILPA; Stamatakis et al., 2021). Also,
‘vigorous’ refers to exercise at intensities≥ 64% of V̇O2peak,
≥77% of maximal heart rate and/or eliciting a rating of
perceived exertion (RPE) of at least 14 based on the Borg
6–20 scale (Garber et al., 2011; Gibala & Little, 2020).
In each of the original studies in Islam et al.’s review,
‘exercise snacks’ consisted of stair climbing completed
1–4 h apart (Islam et al., 2022). The acute improvements
in endothelial function resulting from these exercise
snacks have been attributed to increased blood-�ow
induced shear stress, while the reductions in blood
glucose concentrations probably involve non-insulin
dependent glucose uptake by the active skeletal muscle
(Daugaard & Richter, 2001). Collectively, the �ndings of
Caldwell et al. (2021), Ra�ei et al. (2021) and others have
the potential to inform and extend recommendations
aimed at reducing the negative consequences associated
with prolonged sitting in the workplace and, in
turn, improving cardiometabolic health over the
lifespan.

© 2023 The Authors. The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.
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Exercise training and HIIT in cancer populations

Regular exercise is estimated to reduce the risk of all-cause
mortality and cancer-speci�c mortality by 30%–50%
in breast cancer (Holmes et al., 2005), 44%–61% in
prostate cancer (Ken�eld et al., 2011) and 38%–50%
in colorectal cancer (Schmid & Leitzmann, 2014).
Suggested physiological mechanisms include decreases
in systemic in�ammation (Petersen & Pedersen, 2005),
reductions in body fat (McTiernan, 2008), decreases in
insulin-like growth factor-1, reductions in the circulating
concentrations of sex hormones, improved immune
function (Dethlefsen, Pedersen et al., 2017; Farley et al.,
2022), and/or reduced oxidative stress (Guinan et al.,
2013). Within the broader exercise oncology literature,
a number of RCT’s have examined the in�uence of
HIIT on various health outcomes; the �ndings from
these studies show that HIIT improves cardiorespiratory
�tness, quality of life and body composition in a number
of di�erent cancer populations and that many of these
changes occur in only 4 weeks of training (Devin et al.,
2016; Herranz-Gómez et al., 2022). However, in addition
to these longer-term bene�ts that occur with training,
there are also acute, transient responses to discrete bouts
of exercise that have been shown to temporarily reduce
the growth of cancer cells in vitro.

The acute anti-tumour bene�ts of exercise

To compare the in�uence of resting and post-exercise
blood on cancer cell viability, Dethlefsen et al. (2016)
sampled serum from breast cancer survivors before and
after 2 h of exercise. These samples were then applied
to breast cancer cells (MCF-7 and MDA-MB-231) in
vitro. The authors reported that cancer cell viability was
reduced following the application of the post-exercise
serum, but not following the resting serum. Similar
�ndings were reported by Devin et al. (2019), who
examined the in�uence of resting and post-exercise
serum on the growth of colon cancer cells (CaCo-2
and LoVo) in vitro. In their study, blood from colon
cancer survivors was sampled at rest and immediately
following 4 × 4 min of cycle ergometry at ∼85% V̇O2peak;
growth of the colon cancer cells was suppressed, but
only when the post-exercise serum was applied. In the
same study, the authors found signi�cant increases in
IL-6, IL-8 and TNFα concentrations in their post-exercise
blood samples (Devin et al., 2019). In vitro research with
prostate cancer cell lines has yielded comparable results;
Rundqvist et al. (2013) found that serum sampled from
healthy males following 60 min of cycling at increasing
intensities suppressed the growth of LNCaP cells, while
more recently, Kim et al. (2022) reported that when
compared to resting serum, post-exercise serum sampled
from advanced prostate cancer patients signi�cantly

suppressed the growth of prostate cancer cells (DU-145)
in vitro. Exercise in this latter study involved participants
completing 34 min of moderate-to-high intensity interval
exercise at ∼70%–85% maximum heart rate (MHR).
Macroscopically, acute bouts of exercise can in�uence

the tumour microenvironment via exercise-mediated
increases in blood perfusion and by reducing tumour
hypoxia (Koelwyn et al., 2017). In addition, evidence
suggests that myokines (i.e. cytokines released from active
skeletal muscle) a�ect the tumour microenvironment.
A number of post-exercise blood-borne myokines,
including oncostatin M (OSM), secreted protein acidic
rich in cysteine (SPARC), irisin and decorin, have been
implicated in suppressing the growth of cancer cell lines
(Kim et al., 2021). Also associated is the exercise-mediated
mobilisation of IL-6 sensitive NK cells that occurs in
response to increases in systemic adrenalin concentrations
during exercise (Pedersen et al., 2016). Indeed,
Dethlefsen, Hansen et al. (2017) have shown that the
acute catecholamine response to exercise is particularly
important in facilitating the suppression of cancer cell
growth. Using pre-clinical experimental models, this
group has shown that blockade of β-adrenergic signalling
can completely blunt exercise-mediated reductions in
cell viability and tumour formation (Dethlefsen, Hansen
et al., 2017).
Research is yet to determine how intense and for how

long an exercise bout needs to be for the necessary changes
in serum to be elicited that will suppress the growth of
cancer cells in vitro. In the pre-clinical studies reviewed
above, exercise has ranged from 16 min of HIIT (Devin
et al., 2019) through to 2 h of resistance exercise and high
intensity ‘spin’ cycling (Dethlefsen et al., 2016). Whether
intense ‘exercise snacks’ (<60 s), similar to those that
have been shown to improve glucose control and vascular
function, could also suppress the growth of cancer cells is
not yet clear. Nonetheless, it is reasonable to suggest that
exercise, irrespective of the duration, will ideally need to
be above the intensity that corresponds to an individual’s
anaerobic threshold, which is the intensity above which
there is a signi�cant increase in the contribution of
anaerobic metabolism to the energy yield. Though this
is yet to be experimentally tested, exercise involving the
larger motor units, such as the case at more intense levels
of exercise, will favour a greater production of myokines
compared to lower-intensity exercise. The recruitment of
the Type IIb motor units at exercise intensities above the
anaerobic threshold will also be accompanied by a greater
production and release of adrenalin and noradrenalin
(Sales et al., 2019), and therefore, the mobilisation of
NK cells would probably be higher (Dethlefsen, Hansen
et al. 2017). Shah et al. (2019); Pedersen et al., 2016
have reported rapid increases in catecholamine release at
exercise intensities above the ventilatory threshold, with
catecholamine concentrations being positively correlated

© 2023 The Authors. The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.
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with exercise stages of increased power. Finally, the
exercise will need to involve large muscle groups, so as to
engage the highest possible number of contracting �bres
and ensure a high net production and release of myokines
into circulation.
In addition to determining the optimal intensity

and minimum duration of exercise that will potentially
suppress cancer cell growth, the frequency of exercise
is also an important variable to consider. The limited
available pre-clinical evidence shows that the anti-tumour
e�ect resulting from exercise is transient. Devin
et al. (2019) found that compared to serum sampled
immediately post-exercise, serum sampled 120 min
following their high intensity interval exercise had no
in�uence on the growth of colon cancer cell lines. And
in their study that showed reduced growth of cancer
cells with serum sampled immediately post-exercise,
Kim et al. (2022) reported that the increases in the
serum concentrations of OSM, IL-6, SPARC and IL-15
that occurred in response to exercise, had returned
to baseline within 30 min following exercise. Thus,
once exercise stops and skeletal muscle is no longer
contracting, production and release of myokines
also ceases. As homeostasis is restored and the myo-
kines are removed from circulation, any potential

cancer-suppressing in�uence diminishes. The importance
of this is communicated in the title of the paper by
Dethlefsen, Pedersen et al. (2017): ‘Every exercise bout
matters: linking systemic exercise responses to breast
cancer control’. Frequency of exercise therefore becomes
important to take full advantage of the transient tumour
suppressing e�ects of exercise. Indeed, it is entirely
likely that the cumulative exposure to these transient
acute e�ects of exercise is responsible for many of the
improved outcomes in physically active cancer survivors.
The ‘exercise snack’ hypothesis extends this framework
to suggest that accumulating repetitive bouts of brief
but su�ciently intense activity throughout a day could
augment the potential cancer suppressive e�ects of regular
exercise programmes by maximising the frequency of
exposure to these transient post-exercise e�ects.

Future directions

A number of di�erent lines of research are needed to
build on the pre-clinical �ndings reviewed here and
to test whether exercise snacks can be tolerated and
should be recommended for those who have been
diagnosed and treated for cancer. First, acute serum

Figure 1. Directions for future research

Summarised are some directions for future

research that will address current gaps in the

literature and test whether exercise snacks

should be recommended for those who have

been diagnosed and treated for cancer.

(Created with BioRender.com).

© 2023 The Authors. The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.
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myokine, catecholamine and NK cell responses across
di�erent exercise interventions need to be compared.
This will help identify a minimum intensity and duration
of exercise that can elicit the changes in serum that
have been associated with reduced cancer cell growth.
Second, assessing the exercise capabilities and myokine
responses with people at di�erent points along the ‘cancer
continuum’ i.e. before treatment, during treatment and
following treatment, to brief bouts of vigorous exercisewill
inform the development of exercise recommendations.
Third, di�erent types of exercise snacks (e.g. home
and community-based activities) that can each elicit
signi�cant increases in myokine concentrations need
to be identi�ed and tested by exercise physiologists to
determine whether they can be tolerated and adopted.
This is necessary for the pre-clinical and laboratory
work to be translated to real-world settings. Finally,
comparing the physiological responses to exercise snacks
(i.e. planned, structured and repetitive physical activity)
with more general, unstructured increases in daily
physical activity, will establish whether exercise pre-
scription in the current context is necessary – or
whether those living with and beyond cancer need
to simply increase their daily activity levels to gain
the bene�ts from exercise-mediated myokine release.
These directions for future research are summarised in
Fig. 1.

Conclusion

Pre-clinical �ndings in the exercise oncology literature
relating to the acute tumour suppressing e�ects of
blood-borne factors suggest that brief, high intensity
bouts of exercise may provide protection against cancer
cell growth. Whether the prescription of ‘exercise snacks’
will be appropriate for this population will depend on
future research that identi�es the minimum duration
and optimal intensity of exercise necessary to elicit the
temporary excursions in systemic, circulating biomarkers
(e.g. myokines) in serum that are associated with the
tumour suppression, and determining whether this
form of exercise is tolerated and acceptable for people
living with cancer. Finally, it is important to highlight
that we are not advocating that ‘exercise snacks’ or
frequent, brief bouts of vigorous exercise replace all
other exercise activities that enable individuals to meet
the current physical activity guidelines. Rather, the
potential value will come from having these exercise bouts
embedded within an individual exercise programme
and contributing to overall daily physical activity
levels.

References

Caldwell, H. G., Coombs, G. B., Ra�ei, H., Ainslie, P. N.,
& Little, J. P. (2021). Hourly staircase sprinting exercise
“snacks” improve femoral artery shear patterns but not
�ow-mediated dilation or cerebrovascular regulation: A
pilot study. Applied Physiology, Nutrition and Metabolism,
46(5), 521–529.

Caspersen, C. J., Powell, K. E., & Christenson, G. M. (1985).
Physical activity, exercise, and physical �tness: De�nitions
and distinctions for health-related research. Public Health
Reports, 100(2), 126.

Cassidy, S., Thoma, C., Houghton, D., & Trenell, M. I. (2017).
High-intensity interval training: A review of its impact on
glucose control and cardiometabolic health. Diabetologia,
60(1), 7–23.

Daugaard, J. R., & Richter, E. A. (2001). Relationship
between muscle �bre composition, glucose transporter
protein 4 and exercise training: Possible consequences in
non-insulin-dependent diabetes mellitus. Acta Physiologica
Scandinavica, 171(3), 267–276.

Dethlefsen, C., Lillelund, C., Midtgaard, J., Andersen, C.,
Pedersen, B. K., Christensen, J. F., & Hojman, P. (2016).
Exercise regulates breast cancer cell viability: Systemic
training adaptations versus acute exercise responses. Breast
Cancer Research and Treatment, 159(3), 469–479.

Dethlefsen, C., Pedersen, K. S., & Hojman, P. (2017). Every
exercise bout matters: Linking systemic exercise responses
to breast cancer control. Breast Cancer Research and
Treatment, 162(3), 399–408.

Dethlefsen, C., Hansen, L., Lillelund, C., Andersen, C.,
Gehl, J., Christensen, J. F., Pedersen, B. K., & Hojman,
P. (2017). Exercise-induced catecholamines activate the
hippo tumor suppressor pathway to reduce risks of breast
cancer development. Cancer Research, 77(18), 4894–
4904.

Devin, J. L., Sax, A. T., Hughes, G. I., Jenkins, D. G., Aitken, J.
F., Chambers, S. K., Dunn, J. C., Bolam, K. A., & Skinner,
T. L. (2016). The in�uence of high-intensity compared
with moderate-intensity exercise training on cardio-
respiratory �tness and body composition in colorectal
cancer survivors: A randomised controlled trial. Journal
of Cancer Survivorship, 10(3), 467–479.

Devin, J. L., Hill, M. M., Mourtzakis, M., Quadrilatero, J.,
Jenkins, D. G., & Skinner, T. L. (2019). Acute high intensity
interval exercise reduces colon cancer cell growth. Journal of
Physiology, 597(8), 2177–2184.

Dunstan, D. W., Dogra, S., Carter, S. E., & Owen, N. (2021).
Sit less and move more for cardiovascular health: Emerging
insights and opportunities. Nature Reviews Cardiology,
18(9), 637–648.

Farley, M. J., Bartlett, D. B., Skinner, T. L., Schaumberg, M.
A., & Jenkins, D. G. (2022). Immunomodulatory function
of interleukin-15 and its role in exercise, immunotherapy,
and cancer outcomes.Medicine and Science in Sports and
Exercise, 55(3), 558–568.

© 2023 The Authors. The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.

 1
4

6
9

7
7

9
3

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://p
h

y
so

c.o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

1
1

3
/JP

2
8

4
9

8
5

 b
y

 R
ead

cu
b

e (L
ab

tiv
a In

c.), W
iley

 O
n
lin

e L
ib

rary
 o

n
 [2

7
/0

9
/2

0
2
3
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v

ern
ed

 b
y

 th
e ap

p
licab

le C
reativ

e C
o

m
m

o
n
s L

icen
se



6 D. G. Jenkins and others J Physiol 0.0

Garber, C. E., Blissmer, B., Deschenes, M. R., Franklin, B. A.,
Lamonte, M. J., Lee, I. M., Nieman, D. C., & Swain, D. P.,
& American College of Sports Medicine. (2011). American
College of Sports Medicine position stand. Quantity and
quality of exercise for developing and maintaining cardio-
respiratory, musculoskeletal, and neuromotor �tness
in apparently healthy adults: Guidance for prescribing
exercise.Medicine and Science in Sports and Exercise, 43(7),
1334–1359.

Gibala, M. (2021). Physiological basis of interval training
for performance enhancement. Experimental Physiology,
106(12), 2324–2327.

Gibala, M. J., & Little, J. P. (2020). Physiological basis of brief
vigorous exercise to improve health. The Journal of Physio-
logy, 598(1), 61–69.

Gibala, M., Little, J. P., MacDonald, M. J., & Hawley, J.
A. (2012). Physiological adaptations to low-volume,
high-intensity interval training in health and disease.
Journal of Physiology, 590(5), 1077–1084.

Guinan, E. M., Connolly, E. M., & Hussey, J. (2013). Exercise
training in breast cancer survivors: A review of trials
examining anthropometric and obesity-related biomarkers
of breast cancer risk. Physical Therapy Reviews, 18(2),
79–89.

Hallsworth, K., Thoma, C., Hollingsworth, K. G., Cassidy,
S., Anstee, Q. M., Day, C. P., & Trenell, M. I. (2015).
Modi�ed high-intensity interval training reduces liver fat
and improves cardiac function in non-alcoholic fatty liver
disease: A randomized controlled trial. Clinical Science,
129(12), 1097–1105.

Herranz-Gómez, A., Cuenca-Martínez, F., Suso-Martí,
L., Varangot-Reille, C., Calatayud, J., Blanco-Díaz, M.,
& Casaña, J. (2022). E�ectiveness of HIIT in patients
with cancer or cancer survivors: An umbrella and
mapping review with meta-meta-analysis. Scandinavian
Journal of Medicine and Science in Sports, 32(11), 1522–
1549.

Hollekim-Strand, S. M., Bjørgaas, M. R., Albrektsen,
G., Tjønna, A. E., Wislø�, U., & Ingul, C. B. (2014).
High-intensity interval exercise e�ectively improves cardiac
function in patients with type 2 diabetes mellitus and
diastolic dysfunction: A randomized controlled trial.
Journal of the American College of Cardiology, 64(16),
1758–1760.

Holmes, M. D., Chen, W. Y., Feskanich, D., Kroenke, C. H.,
& Colditz, G. A. (2005). Physical activity and survival after
breast cancer diagnosis. Jama, 293(20), 2479–2486.

Islam, H., Gibala, M. J., & Little, J. P. (2022). Exercise snacks: A
novel strategy to improve cardiometabolic health. Exercise
and Sport Sciences Reviews, 50(1), 31–37.

Ken�eld, S. A., Stampfer, M. J., Giovannucci, E., & Chan,
J. M. (2011). Physical activity and survival after prostate
cancer diagnosis in the health professionals follow-up study.
Journal of Clinical Oncology, 29(6), 726–732.

Kim, J. S., Galvão, D. A., Newton, R. U., Gray, E., & Taa�e,
D. R. (2021). Exercise-induced myokines and their e�ect
on prostate cancer. Nature Reviews Urology, 18(9), 519–
542.

Kim, J. S., Taa�e, D. R., Galvao, D. A., Clay, T. D., Redfern,
A. D., Hart, N. H., Gray, E. S., Ryan, C. J., Ken�eld, S.
A., Saad, F., & Newton, R. U. (2022). Acute e�ect of high
intensity interval aerobic exercise on serum myokine levels
and resulting tumour-suppressive e�ect in trained patients
with advanced prostate cancer. Prostate Cancer and Prostatic
Diseases, 25(1), 86–92.

Koelwyn, G. J., Quail, D. F., Zhang, X., White, R. M., &
Jones, L. W. (2017). Exercise-dependent regulation of the
tumour microenvironment. Nature Reviews Cancer, 17(10),
620–632.

Little, J. P., Gillen, J. B., Percival, M. E., Safdar, A.,
Tarnopolsky, M. A., Punthakee, Z., Jung, M. E., & Gibala,
M. J. (2011). Low-volume high-intensity interval training
reduces hyperglycemia and increases muscle mitochondrial
capacity in patients with type 2 diabetes. Journal of Applied
Physiology, 111(6), 1554–1560.

Little, J. P., Jung, M. E., Wright, A. E., Wright, W., & Manders,
R. J. (2014). E�ects of high-intensity interval exercise
versus continuous moderate-intensity exercise on post-
prandial glycemic control assessed by continuous glucose
monitoring in obese adults. Applied Physiology, Nutrition
and Metabolism, 39(7), 835–841.

McTiernan, A. (2008). Mechanisms linking physical activity
with cancer. Nature Reviews Cancer, 8(3), 205–211.

Papadopoulos, E., Gillen, J., Moore, D., Au, D., Kurgan, N.,
Klentrou, P., Finelli, A., Alibhai, S. M. H., & Santa Mina,
D. (2021). High-intensity interval training or resistance
training versus usual care in men with prostate cancer
on active surveillance: A 3-arm feasibility randomized
controlled trial. Applied Physiology, Nutrition and
Metabolism, 46(12), 1535–1544.

Pedersen, L., Idorn, M., Olofsson, G. H., Lauenborg, B.,
Nookaew, I., Hansen, R. H., Johannesen, H. H., Becker,
J. C., Pedersen, K. S., Dethlefsen, C., Nielsen, J., Gehl,
J., Pedersen, B. K., thor Straten, P., & Hojman, P. (2016).
Voluntary running suppresses tumor growth through
epinephrine- and IL-6-dependent NK cell mobilization
and redistribution. Cell Metabolism, 23(3), 554–562.

Petersen, A. M. W., & Pedersen, B. K. (2005). The
anti-in�ammatory e�ect of exercise. Journal of Applied
Physiology, 98(4), 1154–1162.

Ra�ei, H., Omidian, K., Myette-Cote, E., & Little, J. P. (2021).
Metabolic e�ect of breaking up prolonged sitting with stair
climbing exercise snacks.Medicine & Science in Sports and
Exercise, 53(1), 150–158.

Rundqvist, H., Augsten, M., Strömberg, A., Rullman, E.,
Mijwel, S., Kharaziha, P., Panaretakis, T., Gustafsson, T.,
& Östman, A. (2013). E�ect of acute exercise on prostate
cancer cell growth. PLoS ONE, 8(7), e67579

Sales, M. M., Sousa, C. V., da Silva Aguiar, S., Knechtle, B.,
Nikolaidis, P. T., Alves, P. M., & Simões, H. G. (2019). An
integrative perspective of the anaerobic threshold. Physio-
logy and Behavior, 205, 29–32.

Schmid, D. L., & Leitzmann, M. F. (2014). Association
between physical activity and mortality among breast
cancer and colorectal cancer survivors: A systematic review
and meta-analysis. Annals of Oncology, 25(7), 1293–1311.

© 2023 The Authors. The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.

 1
4

6
9

7
7

9
3

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://p
h

y
so

c.o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

1
1

3
/JP

2
8

4
9

8
5

 b
y

 R
ead

cu
b

e (L
ab

tiv
a In

c.), W
iley

 O
n
lin

e L
ib

rary
 o

n
 [2

7
/0

9
/2

0
2
3
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v

ern
ed

 b
y

 th
e ap

p
licab

le C
reativ

e C
o

m
m

o
n
s L

icen
se



J Physiol 0.0 Bene�ts of ‘exercise snacks’ for those affected by cancer 7

Shah, A. B., Bechis, M. Z., Brown, M., Finch, J. M., Loomer,
G., Groezinger, E., Weiner, R. B., Wasfy, M. M., Picard,
M. H., Fifer, M. A., Lewis, G. B., & Baggish, A. L. (2019).
Catecholamine response to exercise in patients with
non-obstructive hypertrophic cardiomyopathy. Journal of
Physiology, 597(5), 1337–1346.

Stamatakis, E., Huang, B. H., Maher, C., Thøgersen-Ntoumani,
C., Stathi, A., Dempsey, P. C., Johnson, N., Holtermann,
A., Chau, J. Y., Sherrington, C., Daley, A. J., Hamer, M.,
Murphy, M. H., Tudor-Locke, C., & Gibala, M. J. (2021).
Untapping the health enhancing potential of vigorous
intermittent lifestyle physical activity (VILPA): Rationale,
scoping review, and a 4-pillar research framework. Sports
Medicine, 51(1), 1–10.

Weston, M., Weston, K. L., Prentis, J. M., & Snowden, C. P.
(2016). High-intensity interval training (HIT) for e�ective
and time-e�cient pre-surgical exercise interventions. Peri-
operative Medicine, 5(1), 1–9.

Wislø�, U., Støylen, A., Loennechen, J. P., Bruvold, M.,
Rognmo, Ø., Haram, P. M., Tjønna, A. E., Helgerud, J.,
Slørdahl, S. A., Lee, S. J., Videm, V., Bye, A., Smith, G. L.,
Najjar, S. M., Ellingsen, Ø., & Skjaerpe , T. (2007). Super-
ior cardiovascular e�ect of aerobic interval training versus
moderate continuous training in heart failure patients: A
randomized study. Circulation, 115(24), 3086–3094.

Additional information

Competing interests

None declared.

Author contributions

D.G.J. conceived the initial outline for the article, with input
from J.L.D., K.L.W., J.G.J., and T.L.S. All authors contributed

equally to the drafting of the manuscript, all authors approved
the �nal version of the manuscript and agree to be accountable
for all aspects of the work in ensuring that questions related to
the accuracy or integrity of any part of thework are appropriately
investigated and resolved. All persons designated as authors
qualify for authorship and only those who qualify for authorship
are listed.

Funding

Work cited from the laboratories of D.G.J. and T.L.S. was
supported in part by the National Health and Medical Research
Council (APP1132361).

Acknowledgements

Open access publishing facilitated by University of the Sunshine
Coast, as part of the Wiley - University of the Sunshine
Coast agreement via the Council of Australian University
Librarians.

Keywords

exercise intensity, HIIT, myokines

Supporting information

Additional supporting information can be found online in the
Supporting Information section at the end of the HTML view of
the article. Supporting information �les available:

Peer Review History

© 2023 The Authors. The Journal of Physiology published by John Wiley & Sons Ltd on behalf of The Physiological Society.

 1
4

6
9

7
7

9
3

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://p
h

y
so

c.o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

1
1

3
/JP

2
8

4
9

8
5

 b
y

 R
ead

cu
b

e (L
ab

tiv
a In

c.), W
iley

 O
n
lin

e L
ib

rary
 o

n
 [2

7
/0

9
/2

0
2
3
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v

ern
ed

 b
y

 th
e ap

p
licab

le C
reativ

e C
o

m
m

o
n
s L

icen
se


