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ISLAM, H., M.J. GIBALA, and J.P. LITTLE. Exercise snacks: a novel strategy to improve cardiometabolic health. Exerc. Sport Sci.
Rev.,Vol. 50, No. 1, pp. 31–37, 2022.We define exercise snacks as isolated ≤1-min bouts of vigorous exercise performed periodically through-
out the day.We hypothesize that exercise snacks are a feasible, well-tolerated, and time-efficient approach to improve cardiorespiratory fitness and
reduce the negative impact of sedentary behavior on cardiometabolic health. Efficacy has been demonstrated in small proof-of-concept studies.
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Key Points

• A perceived lack of time and access to facilities are com-
monly cited barriers to regular physical activity.

• Exercise snacks are isolated bouts of vigorous exercise last-
ing ≤1 min and performed periodically throughout the day.

• Recent small-scale proof-of-concept studies show that exer-
cise snacks can improve cardiorespiratory fitness and indices
of cardiometabolic health in previously inactive adults.

• Exercise snacks seem to be well tolerated and can also offset
the detrimental effects of prolonged sitting on metabolic
outcomes and vascular function.

• The cardiometabolic health benefits of exercise snacks are
apparent using both laboratory-based cycling protocols
and more practical approaches involving stair climbing,
which may increase the likelihood of their adoption in a
home-, office-, or school-based setting.

• The feasibility and time efficiency of exercise snacks make
them suitable for incorporating in between activities of daily
living, thereby alleviating the need for planning and allo-
cating leisure time for structured exercise.

INTRODUCTION
Low cardiorespiratory fitness (CRF) and sedentary behavior

(i.e., waking behaviors characterized by an energy expenditure
≤1.5metabolic equivalents (METs) while in a sitting or reclining

posture) (1) are independently associated with increased all-
cause mortality and cardiovascular disease risk (2,3). Al-
though the detrimental effects of physical inactivity (i.e.,
achieving insufficient amounts of weekly moderate-to-vigorous
physical activity) (1) are widely recognized, many individuals fail
to meet current physical activity guidelines because of a per-
ceived lack of time and barriers accessing equipment and facil-
ities (4,5). Vigorous intermittent exercise including various in-
terventions deemed “high-intensity” and “sprint” interval train-
ing (HIIT and SIT, respectively) can enhance CRF and other
health-related markers similar to traditional moderate-intensity
continuous training (6–9). Although efficacious to improve fit-
ness and health, these protocols typically require dedicated lei-
sure time and can be difficult to implement outside controlled
laboratory settings. There also is increasing appreciation for the
independent effect of sedentary behavior on cardiometabolic risk
(3,10,11) and the benefits of breaking up sedentary time with
more frequent bouts of activity throughout the day (12–14).

The application of HIIT/SIT principles to more feasible and
accessible forms of exercise that can improve CRF and simulta-
neously reduce the negative impacts of prolonged sedentary
time offers a novel method to enhance health outcomes in
the general population. One such strategy involves performing
brief isolated bouts of vigorous exercise over the course of the
day. This approach, called “exercise snacks,” can obviate the re-
quirement for specialized equipment and alleviates the need for
planning and allocating leisure time for structured exercise. It
can be incorporated in between or structured within activities
of daily living and implemented in a home, office, or school set-
ting. An important added benefit of exercise snacks beyond their
potential to improve CRF in a practical manner (15) is that they
can naturally break up periods of prolonged sitting to reduce sed-
entary behavior and the associated health consequences (16).

Several recent reports have shown that exercise snacks can
boost indices of cardiometabolic health in young inactive adults
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(15–18). These studies have involved relatively small numbers
of participants and should be classified primarily as proof-of-
concept. Nonetheless, the emerging body of research highlights
the potential value of exercise snacks as an additional tool in
the repertoire of strategies aimed at increasing physical activity
and improving cardiometabolic health among the general pop-
ulation. The purpose of this review is to highlight key findings
from these studies to support our novel central hypothesis that
exercise snacks are a feasible, well-tolerated, and time-efficient
approach to improve CRF and reduce the negative impact of
sedentary behavior on cardiometabolic health.

WHAT ARE EXERCISE SNACKS?
To our knowledge, the term “exercise snacks” was first used

by Dr Howard Hartley in a 2007 weekly news magazine article
(https://www.newsweek.com/exercise-snack-plan-96095). A
2014 study by Francois et al. (19), which demonstrated the ben-
efits of brief intermittent bouts of vigorous-intensity walking for
glycemic control in individuals with insulin resistance, seems to
be the first to use the term in a peer-reviewed article. The pro-
tocol in that original study involved an 11-min exercise session
(6� 1-min bouts with 1-min recovery periods) in addition to a
5-min warm-up and 3-min cooldown performed on three sepa-
rate occasions during the day before meals (19). In contrast,
more recent studies have adopted the term “exercise snacks”
to describe isolated bouts of vigorous exercise lasting ≤1 min
that are performed multiple times throughout the day (15–
18). The brief nature of exercise bouts that correspond to the
latter definition makes it challenging to gauge intensity based
on most traditional metrics including percentages of maximal
heart rate (HR) or maximal oxygen uptake (V̇O2), which
may not be sensitive enough to accurately reflect the physiolog-
ical demands imposed on cardiac or skeletal muscle during short
bouts of vigorous activity. A similar argument can be made
against the use of the Borg rating of perceived exertion (RPE)
6–20 scale in this scenario, which, to our knowledge, has not
been validated for brief isolated bouts of vigorous exercise that
typify exercise snacks. Rather, for the purpose of characterizing
exercise snacks, it seems most practical to gauge relative effort,
which in our published articles has resulted typically in mean
values close to or greater than 5 — or a “hard” effort — on
the Borg category ratio 10 (CR10) scale (15–17). As such, al-
though our focus is on studies that fit this definition, we ac-
knowledge the health benefits conferred by other practical var-
iations of brief activity breaks (12,14,20) and brief vigorous ex-
ercise that could align with concepts related to our definition of
exercise snacks (19,21–25).

THE EFFICACY OF EXERCISE SNACKS FOR IMPROVING
CRF IN INACTIVE ADULTS
Our first exercise snacks study (15) was developed based on

previous work showing a ~1 MET improvement in CRF after
a 6-wk stair climbing protocol that involved 3 � 20-s hard ef-
forts over a 10-min period performed 3 d·wk−1 (26). In the sub-
sequent study (15), we exposed previously inactive young adults
to an intervention involving either three daily bouts of vigorous
stair climbing performed 1–4 h apart on 3 d·wk−1 or a no-
exercise control (n = 12 per group) (15). For each stair-based
exercise snack, participants were instructed to safely ascend
60 steps in a three-flight stairwell as quickly as possible. Each

exercise snack was preceded by a dynamic warm-up (10 jumping
jacks, 10 air squats, and 5 lunges on each side) and followed by a
1-minwalking cooldown.After the 6-wk intervention, there were
modest, albeit significant, improvements in CRF as measured
using cycling V̇O2peak and peak power output in the exercise
snacks group as comparedwith control (15). CRF and peak power
output values in the exercise snacks group were ~5% and ~12%
higher postintervention, respectively, as compared with baseline.
Of note, the vigorous exercise snacks elicited mean RPE values
corresponding to a “hard” effort (5 ± 1 on the Borg CR10 scale)
and mean HR responses equating ~85% of the age-predicted
maximum over the course of the training intervention (15).

The potential for exercise snacks to improve CRF (15) was
confirmed in a study involving three isolated 20-s “all-out” cy-
cling bouts (each with a 2-min warm-up and 1-min cooldown)
performed 1–4 h apart (17). V̇O2peak and time-trial perfor-
mance improved by ~4% and ~9%, respectively, over a 6-wk
period in a group of 12 inactive adults (17). The CRF and per-
formance gains with cycling-based exercise snacks seemed to be
similar in magnitude to those observed in participants who were
randomized to a traditional SIT protocol in this study, although
the study was admittedly underpowered for between-group
comparisons (Fig. 1). These results suggest that the vigorous na-
ture of these protocols may be a more important adaptive stimu-
lus than performing successive bouts of fatiguing exercise within
a short period. In support of this supposition, an isolated 10-s
sprint is sufficient to alter the concentration of intramuscular
metabolites (27), and a 30-s sprint activates key intracellular
signaling cascades involved in mediating training adaptation
(e.g., adenosine monophosphate (AMP)–activated protein ki-
nase) (28). These findings extended earlier work in 18 middle-
aged females demonstrating a ~14% improvement in V̇O2peak

when three isolated 30-sWingate tests undertaken 4 h apart were
performed thrice weekly over an 8-wk period (29).

Taken together, evidence gleaned from the aforementioned
studies suggests that vigorous exercise snacks are an effective
strategy to improve CRF and indices of exercise performance
in previously inactive adults. Despite participants in our studies
still being considered physically inactive based on the recently
revised Physical Activity Guidelines for Americans (i.e., by
completing exercise snacks, they would not necessarily achieve
150 min of moderate-intensity or 75 min of vigorous-intensity
aerobic physical activity, or an equivalent combination of both
each week (30)), the CRF gains conferred by the exercise
snacks approach would still be expected to have health benefits
(2). Importantly, for the adoption of exercise snacks by the gen-
eral population outside the laboratory, the CRF gains attained
using the exercise snacks approach do not require all-out efforts
(15) and are apparent using both cycling-based exercise snacks
and a more practical stair-based snack protocol that can be eas-
ily implemented in a home-, school-, or office-based setting.

THE FEASIBILITY OF EXERCISE SNACKS IN PRECLINICAL
AND CLINICAL POPULATIONS

Sedentary behavior is linked to adverse metabolic outcomes
independent of CRF and physical activity levels (3,10,11),
and evidence from both observational and interventional studies
supports the health benefits of interrupting sedentary time with
bouts of low- to moderate-intensity physical activity such as
walking (12–14). Although these strategies effectively mitigate

32 Exercise and Sport Sciences Reviews www.acsm-essr.org

Copyright © 2021 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.

https://www.newsweek.com/exercise-snack-plan-96095
http://www.acsm-essr.org


the cardiometabolic health defects arising from sedentary be-
havior, practical lifestyle approaches that break up prolonged
periods of inactivity while simultaneously improving in CRF
in populations at risk for, or diagnosed with, cardiometabolic
disease (e.g., type 2 diabetes, coronary artery disease) are pres-
ently limited. Relatedly, a large proportion of individuals in this
demographic are elderly and have low physical fitness levels or
other disease-related risk factors that may prevent participation
in traditional forms of exercise that are typically well suited for
healthy adults. Thus, there is an urgent need for feasible exer-
cise strategies that can effectively improve cardiometabolic
health in these populations.

Recent work from our laboratory supports the feasibility and
efficacy of vigorous exercise snacks to disrupt prolonged periods
of inactivity and improve cardiometabolic health markers in
preclinical and clinical populations. Using a randomized cross-
over design, we demonstrated that breaking up 9 h of sitting

with hourly bouts of vigorous stair-based exercise snacks
(~15–30 s) significantly reduced the area under the curve for in-
sulin by ~17% and nonesterified fatty acids by ~21% in 11
adults with overweight/obesity (Fig. 2) (16). Unlike our previ-
ous studies (15,17), we opted not to include a warm-up and
cooldown in this study to capture what an exercise snack may
look like in the real world. These preliminary findings are rein-
forced by a recent study fromWolfe et al. (31) that reported im-
provements in some measures of metabolic control when 8 h of
continuous sitting was compared with a condition where partic-
ipants performed 5 � 4-second maximal cycling sprints on a
specialized ergometer, once per hour. Breaking up prolonged sit-
ting with hourly sprints resulted in a ~31% reduction in post-
prandial plasma triglycerides and 43% increase in fat oxidation
after the consumption of a high-fat meal on the morning after
the experimental trial (31). The exercise protocol was not
strictly an exercise snacks study per our definition here, how-
ever, because it involved a total of 20 s of maximal intensity cy-
cling over ~4–5 min once per hour. Other reports also show the
feasibility of short practical bouts of stair-based vigorous exer-
cise in individuals with type 2 diabetes (32) and coronary artery
disease (33,34), and research into the potential of exercise
snacks for improving metabolic outcomes in clinical popula-
tions represents a promising avenue for future work. It will also
be of interest to examine how the more vigorous exercise snacks
approach discussed here compares to breaking up prolonged sit-
ting with frequent light- to moderate-activity breaks — an ap-
proach that has previously demonstrated benefits for improving
markers of metabolic control in individuals with obesity and
type 2 diabetes (12,14,20,35).

Figure 1. Equipotency of laboratory-based exercise snacks (3 � 20-s iso-
lated bouts of all-out cycling performed 1–4 h apart) and traditional sprint in-
terval training (3 � 20-s all-out bouts interspersed with 3-min rest within a
10-min exercise session) for improving peak oxygen uptake (A), peak power
output (B), and 150-kJ cycling time-trial performance (C) in sedentary young
adults over a 6-wk intervention. *Significant main effect of time. (Reprinted
from (17). Copyright © 2019 Springer Nature. Used with permission.)

Figure 2. Hourly bouts of stair-based exercise snacks (~15–30 s) improve
blood insulinemia (A) and lipidemia (B) in 11 adults with overweight and
obesity as compared with 9-h of uninterrupted sitting. (Reprinted from
(16). Copyright © 2020 the American College of Sports Medicine. Used with
permission.)
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THE POTENTIAL FOR EXERCISE SNACKS TO IMPROVE
VASCULAR HEALTH
In addition to causing metabolic disruptions, prolonged sit-

ting also reduces leg blood flow and shear stress— factors impli-
cated in endothelial dysfunction and the pathogenesis of car-
diovascular disease (36,37). The detrimental effects of seden-
tary behavior on vascular function can be mitigated when
exercise is undertaken before (38), during (39), or immediately
after (40) an extended bout of prolonged sitting. In this regard,
recent work from our laboratory also supports the potential for
exercise snacks to improve vascular function during extended
periods of sitting. Caldwell et al. (18) exposed 10 healthy males
to ~8.5 h of sitting with or without hourly stair-based exercise
snacks involving ~14–20 s of ascending three flights of stairs at
a brisk speed. Significant improvements in femoral artery hemo-
dynamics, but not flow-mediated dilation (FMD), were apparent
when prolonged sitting was interrupted with hourly exercise
snacks, as reflected by ~32% higher blood flow and vascular con-
ductance and a ~15% increase in shear rate (18) (Fig. 3). Al-
though we are unaware of other studies examining vascular func-
tion in response to the exercise snacks approach as defined here,
our work is supported by recent observations of improved popli-
teal artery blood flow and shear rate in healthy adults when a
postprandial 4-h sitting period is interrupted with hourly 5-min
bouts of vigorous stair climbing (23). Notably, the longer stair
climbing bouts used by Cho et al. (23) also offset the reduction
in FMD during prolonged sitting, suggesting that longer acute
bouts of exercise may be required to elicit favorable effects on
this parameter of vascular function. Taken together, these find-
ings support the potential of exercise snacks to favorably impact
vascular health, although additional studies are required to con-
firm the findings presented here, particularly with regard to the
effects of exercise snacks on vascular and endothelial function.

WHERE DO EXERCISE SNACKS FIT IN?
Exercise snacks align with the recently revised Physical Ac-

tivity Guidelines for Americans and the World Health Organi-
zation (WHO) Guidelines on Physical Activity and Sedentary

Behavior (30,41). In recognition of the potential health bene-
fits of short bouts of physical activity, the updated recommenda-
tions from these and other organizations eliminated the previ-
ous requirement that physical activity had to be accumulated
in bouts lasting at least 10-min minimum (30,41). In line with
this recommendation, other work has demonstrated the main-
tenance of health benefits when splitting longer sessions of con-
tinuous exercise into shorter bouts dispersed over the course of
the day (42). Stamatakis et al. (43) recently proposed a frame-
work encouraging four pillars of research to better understand
the health benefits of a strategy called “vigorous intermittent
lifestyle physical activity” (VILPA). These authors define
VILPA as a single session of vigorous activity (≥14 or 15 on
the Borg 6–20 scale or >6 MET) lasting no more than 5 min
performed as part of activities of daily living or other lifestyle
physical activities (43). Exercise snacks align closely with the
VILPA framework in terms of their brevity, intensity, and ac-
cessibility but are technically distinct. First, unlike VILPA, ex-
ercise snacks are not purely incidental to, or inherently part of,
activities of daily living but rather can be planned or structured
within lifestyle activities— a distinction that still preserves the
important aspects of feasibility and accessibility upon which
VILPA is based. Exercise snacks also embody key elements of
exercise that are not necessarily part of VILPA — namely,
structure (≤1 min in duration and performed as a hard effort),
planning (required some anticipation or decision making), rep-
etition (must be performedmultiple times over the day), and in-
tention (performed for the improvement of cardiometabolic
health) — further distinguishing them from the VILPA ap-
proach. Nonetheless, it becomes somewhat difficult to delin-
eate between a purposeful exercise snack embedded within ac-
tivities of daily living — for instance, vigorously ascending
the stairs to use the restroom on a different floor in an office
building or performing a set of jumping jacks during a break be-
tween virtual meetings— and lifestyle approaches such as inci-
dental VILPA (e.g., carrying groceries up several flights of stairs,
maximizing walking pace to the bus stop). Relatedly, although
exercise snacks are sometimes compared as a more practical

Figure 3. Breaking up ~8.5 h of sitting with hourly stair-based exercise snacks (~14–20 s) improve some (but not all) indices of leg vascular function during
~8.5 h of sitting in 10 healthy youngmales.Mean shear rate (A); oscillatory shear index (B); femoral vascular conductance (C); and FMD (D). $Pre-Snacks different
than Post-Snacks; #Post-Snacks different than Post-Sed. (Reprinted from (18). Copyright © 2020 Canadian Science Publishing. Used with permission.)
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alternative to SIT (17), the health benefits of exercise snacks
do not require “all out” efforts and can be achieved without
the use of specialized cycle ergometers (15,16,18) — both of
which are typical components of traditional SIT protocols. As
such, we believe it is most appropriate to classify exercise snacks
as a distinct subset of brief vigorous exercise (6), but we also
recognize that — as with most things in science — the con-
cept of exercise snacks proposed here is not necessarily new
but rather may be an alternative iteration of an idea that has
likely been presented by others in different contexts, both in
the past and present.

FUTURE DIRECTIONS
We have proposed a working definition of exercise snacks

based on the existing literature, but also recognize the need to
balance establishing a more standardized definition with the
pragmaticism of avoiding hard cutoffs that draw the line at dis-
tinct intensities, durations, or numbers of isolated, short bouts
of exercise within the exercise snacking concept. Ultimately,
our intention is not to advocate for strictly defined terminology
but rather to highlight the overall concept that isolated bouts of
brief vigorous exercise represent an additional lifestyle approach
to improve cardiometabolic health. With this in mind, it is en-
tirely possible that others may view this approach as a physical
activity strategy as opposed to an exercise protocol per se and,
thus, choose to use terminology that differs from that imple-
mented here (e.g., activity snacks). The decision to use the
term “exercise” (as opposed to “activity”) snacks for the purpose
of this article was to maintain consistency with our published
work in the area and because the approach presented in this ar-
ticle embodies key aspects of exercise in that it is planned, struc-
tured, repetitive, and intended for the purpose of improving car-
diometabolic health. Other researchers have used variations of
the term “exercise snacks” to describe protocols that deviate
slightly from our proposed definition but still may yield impor-
tant benefits for cardiometabolic health (19,24,44). As such,
the exact characteristics of exercise snacks required to maximize
health benefits are yet to be determined, but it does seem that a
single isolated daily 20-s sprint may not be sufficient to increase
CRF in young healthy adults (45).

A standardized definition could also help better understand
this novel exercise approach given the similarities between ex-
ercise snacks and other forms of brief vigorous activity such as
VILPA or low-volume SIT (6,43,46). However, characterizing
the intensity, duration, or mode of exercise snacks based on es-
tablished exercise prescription guidelines (e.g., American Col-
lege of Sports Medicine, WHO) and principles (e.g., “FITT”)
becomes difficult because of the short-duration, purposefully
sporadic and isolated nature of this type of activity. For in-
stance, it is possible that, when evaluating intensity using tradi-
tional metrics such as RPE, HR, or V̇O2, exercise snacks may
elicit values that are distinct from those observed during more
common types of activity that established exercise prescription
guidelines are based on. Thus, we encourage future attempts to
classify exercise snacks in a manner that distinguishes them
from existing physical activity and exercise paradigms and call
for research validating traditional metrics for characterizing this
type of activity.

Another aspect that is missing from the existing exercise
snacks literature is their impact on psychological and affective

responses, as these behavioral factors may be among the most
important determinants of exercise participation. Little et al.
(17) found no impact on exercise enjoyment after 6 wk of
laboratory-based exercise snacks, but participants indicated
the desire to perform exercise snacks in a “real-world” setting.
This again highlights the need to examine both physiological
and psychological responses to exercise snacks outside the labo-
ratory. In general, stair-based brief vigorous exercise seems to
elicit favorable effects on cognition and mood in healthy young
adults (47), but whether these beneficial effects persist using the
exercise snacks approach as defined here remains to be deter-
mined. On a related note, qualitative measures that capture
the feasibility of this approach in a setting where participants
may not have adequate time or opportunity to prepare for in-
tense activity during daily activities (e.g., by warming up or
changing into active wear) should be assessed to rule out poten-
tial barriers to exercise snacks in the real world.

Given the relatively short duration and laboratory-based na-
ture of existing exercise snacks studies, another important next
step is to investigate the physiological and behavioral responses
to longer exercise snacks interventions (e.g., several months to
>1 year). Relatedly, as most of the existing research has involved
healthy individuals, future studies should include populations at
risk for cardiometabolic disease (e.g., preclinical/clinical popula-
tions, elderly individuals) to assess comprehensively the feasibil-
ity and efficacy of the exercise snacks approach. A plausible con-
cern with the implementation of any vigorous exercise strategy in
the real world is the potential of injury — particularly in at-risk
or elderly populations. This highlights another outcome that
should be addressed when attempting to translate exercise snacks
outside the laboratory, albeit in a manner that balances the po-
tential risk of injury with the numerous health benefits high-
lighted here and the detrimental effects of inactivity itself.

Lastly, the aerobically conditioning nature of the exercise
snacks in the studies discussed here favor improvements in
CRF, but the exercise snacks approach may be additionally at-
tractive if geared toward improving muscular strength and en-
durance. A pilot study by Perkin et al. (24) reported improve-
ments in functional capacity (sit to stand score) in older adults
who participated in a 28-d home-based intervention involving
two daily bouts of body weight exercise involving 5� 1-min bouts
of maximum repetitions. At the molecular level, brief vigorous
bouts of stair climbing improved fiber-specific satellite cell content
and myonuclei number as well as indices of capillarization in pa-
tients with coronary artery disease over a 12-wk period (33). How-
ever, because neither of these studies involved isolated bouts of ex-
ercise using an exercise snacks approach, whether these changes in
muscle function and phenotype would manifest in response to
exercise snacks requires confirmation in future work. Future re-
search also should probe the mechanistic basis of the adaptive
response to exercise snacks, which — similar to other forms of
brief vigorous exercise— likely involves muscular oxidative re-
modeling mediated by activation of canonical intracellular sig-
naling pathways (e.g., AMP-activated protein kinase) and tran-
scriptional regulators (e.g., peroxisome proliferative activated
receptor gamma coactivator 1-alpha) (48–50).

CONCLUSIONS
The persistence of insufficient physical activity levels and

sedentary lifestyles among the general population in modern
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Western societies highlights the ongoing need for feasible exer-
cise strategies that simultaneously improve CRF and reduce the
impact of sedentariness on cardiometabolic health. Based on
the emerging evidence presented in this article, we propose that
exercise snacks — defined here as isolated bouts of brief vigor-
ous exercise performed multiple times throughout the day —
may be one such strategy (Fig. 4). Exercise snacks involving
thrice daily ~15–30 s of hard effort involving cycling and more
practical stair climbing are efficacious for improving CRF and
exercise performance in inactive adults. Exercise snacks may
also have potential to improve aspects of cardiometabolic health
in individuals with obesity, but their efficacy in clinical popula-
tions remains to be established as existing reports have studied
a small number of participants in laboratory-based settings.
Relatedly— and perhaps most importantly— the applicability
of exercise snacks in a “real-world” (e.g., in home-, office-, or
work-based) setting and the potential for exercise snacks to tar-
get musculoskeletal health remain to be determined.
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