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Abstract
Background Interest in ‘exercise snacks’ has increased, yet a comprehensive and holistic review of this novel concept 
is lacking. We aimed to map global research on ‘exercise snacks’, across youth, adult and clinical populations through a 
scoping review.

Methods A systematic search was conducted in six databases. Grey literature searches were also conducted. Studies 
whereby participants were prescribed a structured bout of intense exercise dispersed across the day, or the exercise 
was explicitly defined as a form of ‘snacks’, in any setting were included. We used the Consensus on Exercise Reporting 
Template (CERT) to assess the completeness of exercise descriptions. Data were recorded into spreadsheets, then 
descriptively analyzed and summarized in graphic form.

Results The 45 publications meeting our inclusion criteria represented 33 original studies. These 33 studies enrolled a 
total of 1118 participants, with a median sample size of 24. Studies were categorized as either acute (n = 12) or chronic 
(n = 21) trials with both trial types performed across a wide range of participant ages (range 8.7 to 78 years) but mostly 
conducted on healthy adults and older adults. The majority of studies (20/33) defined the concept as ‘exercise snacks’, 
with study context being predominantly the laboratory or home. A wide variety of exercise modes (e.g., cycling, stair 
climbing, body weight exercises) and comparator conditions (e.g., moderate intensity continuous exercise, prolonged 
sitting, non-exercise controls) were used. ‘Exercise snack’ intensity was prescribed more frequently than it was 
reported, and, of the available data, mean intensity was estimated at 76.9% of maximal heart rate and 5.2 Arbitrary 
Units (AU) on the Ratings of Perceived Exertion (RPE) CR10 scale. Study outcome measures were predominantly 
cardiovascular, metabolic, muscular, and psychological, with studies mostly adhering to the CERT, though there was 
underreporting of detail for the exercise provider, motivation strategies, adverse events and intervention fidelity.

Conclusion The ‘exercise snack’ concept is being increasingly used to cover an array of exercise models. The 
most common protocols to date utilize body weight exercises or stair climbing. We recommend ‘exercise snacks’ 
terminology is consistently used to describe protocols whereby short, purposeful structured exercise is dispersed 
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Background
Across the human lifespan, positive relationships 
between physical activity, cardiorespiratory and muscu-
lar fitness, and health are well established [1–5]. More-
over, physical inactivity, wherein physical activity levels 
do not meet the current physical activity guidelines [6], 
is a long known major contributor to cardiovascular dis-
ease risk [7]. Distinct from physical inactivity, sedentary 
behavior, defined as any waking behavior characterized 
by an energy expenditure < 1.5 metabolic equivalent of 
task [MET]), while in a sitting, lying or reclining position 
[6], can have negative health consequences beyond those 
associated with low levels of physical activity [6, 8]. The 
recognition of these interrelated influences on health has 
led to guidance around ‘sitting less and moving more’ [7], 
which has been operationalized in various ways, includ-
ing the promotion and prescription of physical activity 
and exercise, respectively.

Despite public-health messaging on the benefits of 
moving more [9], perceived lack of time represents a 
major barrier to exercise participation in various popu-
lation subgroups and contexts [10]. As such, health-
enhancing time-efficient alternatives to traditional 
aerobic exercise (i.e., continuous moderate-intensity 
training) are potentially attractive. Examples include 
sprint-interval training (SIT) and high-intensity interval 
training (HIIT), which are broadly defined as brief bouts 
of intense exercise interspersed with recovery [11]. Both 
have demonstrated efficacy for improving various cardio-
vascular and metabolic risk factors in youth [12], healthy 
adults and some clinical populations [11, 13, 14], with 
improvements largely consistent with traditional aero-
bic training [15, 16]. This body of literature, along with 
emerging evidence that activity bouts of any duration are 
associated with improved health outcomes [17, 18] are 
now reflected in the most recent World Health Organiza-
tion [19], United States of America [20] and United King-
dom (UK) [21] Physical Activity Guidelines for adults, 
where the potential health benefits for shorter bouts of 
vigorous activity (i.e., < 10 min) accumulated over the day 
are acknowledged. The UK physical activity guidelines 
also highlight the potential for even shorter durations 

of very vigorous intensity activity (e.g., sprinting or stair 
climbing) to confer health benefits.

Despite the associated benefits of an active lifestyle, 
humans often exist in environments that may not only 
limit their physical activity and exercise opportunities 
but also promote sitting for prolonged time periods [8, 
22]. This highlights the need to investigate novel means 
of accumulating time-efficient physical activity, which 
can enhance health and/or partly offset the deleterious 
consequences of sedentary behavior. One such approach 
is ‘exercise snacks’, which we define as a structured bout 
of intense exercise dispersed across the day, with the quo-
tation marks removed herein to enhance readability. The 
concept of snacks within physical activity and exercise is 
gaining increased interest; however, there is a lack of def-
initional consistency and nuanced differences between 
different snack concepts.

One type of exercise snack is sprint snacks, which have 
previously been defined as isolated ≤ 1-minute bouts 
of vigorous-intensity exercise performed periodically 
throughout the day [23, 24]. Here, each sprint is per-
formed several hours apart, on the basis that perform-
ing several snacks within the same day could potentially 
make SIT more appealing, even more time efficient, and 
potentially easier to implement [23]. Findings from a 
recent narrative review suggest that this type of exercise 
snacking shows promise as a novel strategy for improving 
cardiometabolic health in adults [25], with the caveat that 
the current evidence base is formed predominantly of 
laboratory-based proof-of-concept trials with small sam-
ple sizes. Other researchers have used the term strength 
snacks as a way of describing low-dose resistance training 
[26, 27].

The concept of exercise snacks has similarities with the 
novel physical activity promotion strategies of Vigorous 
Intermittent Lifestyle Physical Activity (VILPA; e.g [28])., 
and Snacktivity™ [29] (i.e., brief or bite size bouts of inci-
dental physical activity performed sporadically during 
activities of daily living) but can be differentiated. Physi-
cal activity is broadly defined as bodily movement pro-
duced by skeletal muscles requiring energy expenditure 
[19] with VILPA and Snacktivity™ focusing on a variety 

throughout the day. Future studies should provide detailed descriptions of their ‘exercise snacks’ model, through 
exercise and adverse event reporting checklists.

Key Points
• A total of 1118 participants across 33 original studies resulting in 45 publications met our inclusion criteria, 
examining the application of intense exercise bouts dispersed across the day (i.e., ‘exercise snacks’).

• Many types of exercise (including cycling, stair climbing, and body weight exercises) were used in ‘exercise 
snacks’ studies across a wide age range of participants, with most trials performed in the laboratory or at home.

• Researchers and practitioners should ensure consistent use of the term ‘exercise snacks’ for describing protocols 
where short, purposeful structured exercise is dispersed throughout the day and provide detailed descriptions of 
how their exercise prescription is designed and completed by participants.
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of unstructured and incidental lifestyle physical activities 
performed across the day. Exercise, however, represents a 
subset of leisure-domain physical activity as the exercise 
is intentional, structured, and repetitive [19, 25, 30], thus 
enabling alignment to the core exercise training program 
principles of frequency, intensity, time, type, volume, and 
progression (FITT-VP) [31]. Based on these definitions, 
exercise snacks, as structured bouts of intense exercise 
dispersed across the day, fall under the category of exer-
cise, not general lifestyle physical activity. This distinction 
between incidental unstructured vs. intentional struc-
tured activity is also important when considering promo-
tion of each behavior, as the psychological determinants 
of behavior change likely differ [32, 33].

In addition to the purposeful/intentional nature, bout 
intensity may also distinguish exercise snacks from 
VILPA and Snacktivity™. First, however, it must be 
acknowledged that characterizing and quantifying the 
intensity of brief, isolated exercise bouts is challeng-
ing [25]. This is due to the oxygen deficit incurred at the 
onset of exercise, whereby the time required for ventila-
tion, heart rate and oxygen consumption to increase in 
proportion to the exerted mechanical power [34] and 
attain a workload equilibrium [35] may be longer than 
the bout itself. Consequently, heart rate is typically not 
the best indicator of intensity for supramaximal exercise 
or submaximal high-intensity short-duration intervals 
(< 30  s; [36]). Ratings of perceived exertion are strongly 
and positively associated with breathing frequency [37] 
and the volume of exercise completed [38], which may 
not be conducive for accurately characterizing an intense, 
yet short, bout of exercise performed within an exercise 
snack. As such, traditional metrics of exercise quantifica-
tion may underestimate bout intensity and not differenti-
ate exercise snacks from VILPA and Snacktivity™. From 
an intensity perspective, what most likely separates the 
concepts of exercise snacks, VILPA and Snacktivity™, is 
the intensity used to prescribe, not quantify, bout inten-
sity. For example, the prescribed effort or absolute inten-
sity of exercise snacks (e.g., “all-out” [23] and “as quickly 
as possible” [24, 39] is likely greater than the intensities 
associated with many moderate-to-vigorous incidental 
daily life activities, such as doing housework, marching 
on the spot and walking meetings at work [29] or brisk 
walking and playing with children [28].

Despite the nascent nature of the exercise snacks 
research field, four topical reviews have already been 
published [25, 40–42]. While all four make some con-
tribution to the overall exercise snacks knowledge base, 
each contains distinct limitations and/or have omitted 
key studies. The first narrative review largely focused on 
the efficacy of sprint-type exercise snacks [25]. The sec-
ond discussed the potential of exercise snacks for those 
living with and beyond cancer but did not present any 

data directly related to exercise snacking in this clini-
cal population [40]. The third was a scoping review that 
combined the concepts and effects of exercise snacks, 
VILPA and Snacktivity™ in adults and older adults [41], 
despite the likelihood that each model could give rise 
to different physiological and psychological responses 
and should therefore be synthesized separately. Further, 
while Jones et al. [41] recommend detailed information 
about exercise snack interventions should be described 
using established intervention reporting guidelines [43, 
44], these processes were not conducted in their review. 
Also, as their review focus was limited to adults and older 
adults, the use of the exercise snacks concept in children 
and adolescents remains unknown. Finally, the narrative 
review by Wang et al. [42] only incorporated data from 
a limited number of studies on sedentary adults, and 
mainly focused on potential mechanisms subtending the 
physiological responses observed to date. It is also per-
tinent to note that none of the four published reviews 
to date have acknowledged literature around strength 
snacks [26], or those which have utilized principles of 
exercise snacking but for the primary purpose of break-
ing-up sedentary time, rather than the promotion of exer-
cise per se (e.g [45]). Therefore, there remains a dearth 
of knowledge to facilitate a holistic and comprehensive 
review and summary of this exciting new concept. These 
shortcomings highlight the need for a more compre-
hensive scoping review that maps and appraises all the 
emerging evidence relating to exercise snacks, in terms 
of study population, study concept and design, exercise 
prescription model, context and outcome measures of 
interest. Indeed, scoping reviews are a type of evidence 
synthesis appropriate for systematically summarizing a 
field of research not yet comprehensively reviewed [46], 
answering broad research questions (i.e., what is known 
about a particular concept [47]), and, therefore, a useful 
approach for examining emerging evidence [48].

Aim and Objectives
The aim of this scoping review was to map the current 
state of exercise snack research. To do this, we addressed 
the following research questions:

1. What populations, concepts and contexts are 
targeted in exercise snack research?

2. What are the research limitations and gaps?
3. What recommendations should be provided to 

those involved in the science and practice of exercise 
snacks prescription and promotion?

Methods
Our scoping review conforms to the guidelines set out 
by Levac and colleagues [49], The Joanna Briggs Insti-
tute (JBI) [50] and The Preferred Reporting Items for 
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Systematic Reviews and Meta-Analyses-Scoping Review 
Extension [47] (Supplementary File 1). Our protocol was 
registered on the Open Science Framework  (   h t t p : / / o s f . i o 
/ h 8 x r s     ) .  

Eligibility Criteria
As the aim of our scoping review was to map the available 
evidence on the application of exercise snacks, we placed 
as few eligibility restrictions as possible and aligned our 
criteria to the PCC (Population, Concept [including Out-
come], and Context) approach recommended by Peters 
et al. [46]. Eligible studies included human participants 
of any age (population) who were prescribed exercise 
snacks that were dispersed across the day (concept) in 
any setting (context). To ensure a balanced and complete 
overview of the available evidence [51], we included grey 
literature in our systematic searches (Table 1).

Information Sources and Search
A preliminary search of four databases (CINAHL, MED-
LINE, SPORTDiscus, Web of Science) was undertaken 
by one of the authors (MW), with the search terms 
informed by previous systematic and scoping reviews 
[18, 28]. Analysis of text words contained in the title and 
abstract, and of the index terms used to describe the arti-
cle was then undertaken [46]. Following this, a refined 
search strategy, a critical step in scoping review method-
ology [49], was drafted by a medical librarian (VK) and 
further refined through discussion among the multidis-
ciplinary research team. Following team agreement, our 
systematic search strategy was subjected to a formal peer 
review using the Peer Review of Electronic Search Strat-
egies (PRESS) checklist to identify errors and potential 
enhancements in the selection of subject headings and 
text words [52]. This process involved VK submitting the 

Table 1 Scoping review eligibility criteria based on study population, concept, outcome, context and publication types
Inclusion Exclusion

Population - Human studies
- Participants of any age
- Participants of any sex
- Participants of any health status (e.g., healthy, unhealthy, clinical)

- Animal studies

Concept - Original studies, whereby participants were prescribed a structured bout of intense exercise (i.e., 
defined as “all-out” [23] or “high-intensity”, or performed “as quickly as possible” [24, 39], or included an 
objective measure of intensity which indicated prescribed exercise was of at least a vigorous intensity 
[e.g., ≥ 80% maximal heart rate [52]]) dispersed across the day OR the exercise is explicitly defined by 
the authors as “snacks”, e.g., “exercise snacks”, “strength snacks”, “sprint snacks”.

- Studies involving unstruc-
tured, short sporadic bouts of 
low, moderate, and vigorous 
incidental lifestyle physical 
activities (e.g., carrying shop-
ping, playing with children)
-Studies involving a single, 
isolated bout of exercise (i.e., 
not dispersed or fragmented)
- Studies involving structured 
bouts of physical activity 
prescribed as low or moder-
ate intensity, accumulated or 
dispersed across the day

Outcomes - Cardiovascular (directly or indirectly assessed)
- Muscular (e.g., strength or power)
- Respiratory
- Vascular (e.g., hemodynamics)
- Metabolic (e.g., glucose tolerance, insulin resistance, lipid profiles)
- Inflammatory
- Anthropometric (e.g., measures beyond height, body mass, body mass index, such as skinfolds or 
muscle mass)
- Psychological (e.g., affective responses, quality of life)
− 24-hour movement behavior (e.g., sleep, sedentary behavior, physical activity)
- Appetite

- None

Context - Any research setting where the concept has been prescribed - None
Publication 
Type

- All research study designs including any methodology (e.g., qualitative, quantitative, and mixed 
methods)
- Original academic journal papers, grey literature and brief reports focusing on Sport and Exercise/ 
Health Science
- Articles written in English
- All years from 1946 to 2024

- Editorials, opinion pieces, 
magazine/ newspaper 
articles, and papers without 
primary data
- Systematic, scoping, or 
narrative reviews (individual 
studies from any such re-
views included if relevant)
- Study protocols (e.g., trial 
registries)

http://osf.io/h8xrs
http://osf.io/h8xrs
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refined Ovid MEDLINE search strategy for blind peer 
review by another health sciences librarian experienced 
in systematic searches who suggested that how the con-
cepts were grouped, certain search terms were articu-
lated and what proximities were used were reconsidered. 
Consequently, we devised our search sets in MEDLINE 
using three main concept blocks (intensity, bouts/inter-
vals, and exercise) and searches were performed by our 
specialized research librarian (VK). We created strategies 
in MEDLINE and Embase on Ovid and adapted them to 
CINAHL (Ebsco), Web of Science, Scopus, and SPORT-
Discus (Ebsco).

A systematic search of grey literature is considered 
important for establishing a comprehensive and bal-
anced view of the available evidence [51, 53]; therefore, 
we searched ProQuest Dissertations and Theses Global 
and PolicyCommons for relevant theses, dissertations, 
and conference proceedings. Our search strategies for all 
databases are available in Supplementary File 2, and in 
our open access protocol, located at http://osf.io/h8xrs.

We also performed manual searches of the conference 
proceedings from the American College of Sports Medi-
cine (ACSM), European College of Sport Science (ECSS), 
and the British Association of Sport and Exercise Sci-
ences (BASES). Reference lists of included articles were 
manually searched for potential studies not yet identified 
[47]. Prior to manuscript submission, identified articles 
were reviewed to ensure that no study had been retracted 
between inclusion and publication. The final search date 
was 27th November 2024.

Selection of Sources of Evidence
Database searches were exported into Covidence sys-
tematic review software (Veritas Health Innovation, Mel-
bourne, Australia, available at www.covidence.org) for 
screening. Duplicate studies were automatically removed. 

To assure quality control in screening, title and abstracts 
of all studies were independently screened by three 
authors (AG, SM & KW) to gauge shared understanding 
of the selection criteria, discuss any disagreements and 
further specify the inclusion and exclusion parameters 
[53]. Papers that failed to meet our Population, Concept, 
and Context were excluded at this stage of the selection 
process. Following this, full texts of remaining articles 
were independently screened by two authors (SM, KW). 
After full-text screening, those studies recommended for 
exclusion were reviewed by a third author (MW) to con-
firm consistency in exclusion criteria application.

Data Extraction
Using the guidance provided by Aromataris et al. [54] for 
scoping review data extraction, an initial data extraction 
form was created. This was modified to fully accommo-
date our review question, along with population, con-
cept, and context [55] and two authors (KW, MW) trialed 
the extraction form [50]. As scoping reviews synthesize 
and describe evidence coverage, a risk of bias assess-
ment across individual studies is not applicable [47, 55]. 
Table 2 details the variables that were extracted from the 
included studies.

We used the Consensus on Exercise Reporting Tem-
plate (CERT) [44] to assess the completeness of exercise 
descriptions. This checklist is an extension of item 11 of 
the Template for Intervention Description and Replica-
tion (TIDieR) checklist [43] and comprises 16 items that 
represent the minimum recommendation for describing 
an exercise intervention.

Synthesis and Presentation of Results
Data from the included studies were extracted by two 
authors (MW and KW) in duplicate, then checked by 
two authors (JL and AN). Data was extracted into two 

Table 2 Data extraction variables
Sub-category Data collected
Study details Author (s); Full reference; Study ID; Publication year; Country of origin; Report registered (yes, no); Study aim/aims 

(as reported by study authors); Study design; Pilot study (yes, no); Study type (acute, chronic).
Population Study population; Age (years); Participant ethnicity reported (yes, no); Population femaleness (ratio of female par-

ticipants to male participants); Menstrual cycle phase reported (yes, no, not relevant)
Concept Exercise defined by authors as “snacks” (yes, no); Exercise as described by authors; Exercise mode; Exercise sample 

size (n); Exercise program length; Exercise weekly frequency; Exercise intensity (yes, no); Author prescribed interven-
tion intensity (e.g., 90% maximal heart rate); Exercise intensity measurement (e.g., heart rate, ratings of perceived 
exertion); Exercise intensity reported (yes, no); Method of intervention intensity confirmation (e.g., means, within-
subject standard deviations); Reported actual intervention intensity; Intervention warm-up (yes, no); Exercise 
snack bout duration (s); Number of daily exercise snack bouts; Total daily exercise snack duration (s); Time between 
exercise snacks; Intervention as replacement or in addition to usual activity; Comparator; Comparator sample size

Outcomes Study outcomes
Context Study location (e.g., school, home, laboratory)
Analysis a-priori power calculation (yes, no); Statistical inferential approach (i.e., null hypothesis significance testing, effect 

sizes); Between-group comparisons (yes, no).
Findings Key study findings (as reported by study authors)

http://osf.io/h8xrs
http://www.covidence.org
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Microsoft Excel spreadsheets. The first sheet contained 
individual study-level data, and the second sheet con-
tained the CERT results. Data from both sheets were 
descriptively analyzed by quantifying text and frequency 
counts of data extraction items [55] with summaries of 
study populations, settings, methods, and outcomes all 
visualized in graphic form. Descriptive analyses and visu-
alizations [56–58] were performed in R (version 4.1.2, R 
Foundation for Statistical Computing) using the dplyr, 
tidyverse, ggplot2, lemon, and UpsetR packages with the 
PRISMA flowchart created via the Shiny app [56, 59]. 
These packages enabled creative ways of conveying our 
results to those involved in the science and practice of 
exercise snack prescription and promotion, and avoided 
the use of large tables that can be difficult to read in a 
standard journal article format [55]. Our data extraction 
sheet containing the raw data can be found in Supple-
mentary File 3 and is available open access at http://osf.
io/h8xrs.

In line with JBI scoping review guidance, we make no 
attempt to draw conclusions regarding the efficacy and/
or effectiveness of exercise snacks for any population 
or outcome in the presentation and interpretation of 
our results. This is due to the included studies not hav-
ing undergone a process of critical appraisal/risk of bias 
appraisal and, also, not having undergone a process of 
pooling or aggregation that considers the combination 
of all study results (e.g., meta-analysis or meta-synthesis) 
[55].

Results
Study Selection
Following the database searches, 51,511 records were 
identified (Fig.  1). Once duplicates were removed 
(n = 24,817), 26,694 titles and abstracts were screened for 
inclusion, resulting in 223 full-text articles being sought 
for retrieval. Two records were not retrievable; therefore 
221 full-text articles were screened for eligibility. Sub-
sequently, 176 publications were excluded and 45 were 
included. These 45 publications [23, 24, 26, 27, 39, 45, 
60–98] came from 33 original studies (i.e., some studies 
resulted in multiple publications). For example, Nagy et 
al. [65], Ajibewa et al. [66], Block et al., [72], Weston et 
al. [75], and Nagy et al. [77] are all from one registered 
study (clinical trials identifier NCT02831309), whereby 
the primary outcome was exercise energy expenditure 
[67]. As scoping review guidance is to make efforts to 
avoid counting the same data items multiple times from 
different sources [55], the original 33 studies represent 
our unit of synthesis. The earliest published study was in 
2001 (Fig. 2), with a notable increase in publication activ-
ity from 2017 (82% of studies included in the review). The 
number of original studies per country was eight (UK), 
seven (Canada), seven (USA), three (Germany), two 

(Singapore), two (Australia), two (New Zealand), and two 
(China).

Study Characteristics
Study designs were randomized controlled trials (n = 12), 
randomized crossover trials (n = 10), single group pre-
post trials (n = 4), non-randomized controlled trials 
(n = 2), a qualitative study (n = 1), a non-randomized 
cross-over trial (n = 1), a prospective cohort trial (n = 1), 
a matched-controlled cohort trial (n = 1), and a user-cen-
tered design process study (n = 1). These study designs 
have subsequently been grouped as Acute (i.e., single 
exercise sessions/ conditions [n = 12]) or Chronic (i.e., 
repeated exercise sessions/ exercise training studies 
[n = 21]). Of the 33 original studies, 40% were registered 
on trial registries, 52% were described as pilot or feasi-
bility studies, and 33% provided an a-priori sample size 
estimation.

Population
A total of 1118 participants were enrolled into the 33 
studies with 1035 participants completing the stud-
ies, giving a median study sample size of 24 participants 
(range 8 to 124 participants). Of the 1035 participants, 
830 (median 33, range 8 to 124) participants were 
involved in the Chronic studies and 205 (median 14, 
range 9 to 39) participants in the Acute studies. All 33 
studies involved female participants, with 29/33 involving 
male participants and no studies including only males. 
Studies represented a broad age range (median 36.5 
years, range 8.7 to 78 years), with the majority conducted 
in adults and older adults (Figs.  2 and 3). Three studies 
included children or adolescents aged < 18 years, 27% of 
studies described participant ethnicity, and 25% studies 
provided details of female participant menstrual cycle, 
where relevant (i.e., the median participant age was ≥ 10 
years and ≤ 45 years [99, 100]. Beyond sex and age, there 
was a broad range of population descriptors (n = 9) with 
the most popular being healthy (18/33 studies), inactive 
(n = 13), and sedentary (n = 7; Fig. 3).

Concept, Context and Exercise Mode
Concept was described by study authors in seven dif-
ferent ways (Fig. 4), with exercise snacks being the most 
frequent exercise description (20/33 studies). Context 
was distributed across five locations (laboratory [n = 13], 
home [n = 9], university [n = 6], daily life [n = 4], school 
[n = 1]) using eight exercise modes (body weight [n = 13], 
body weight and resistance bands [n = 1], cycling [n = 7], 
resistance [n = 1], stair climbing [n = 6], stair climb-
ing ergometer [n = 1], treadmill walking [n = 3], walking 
[n = 1]). The most popular combination of concept, con-
text, and mode was exercise snacks performed at home 
using body weight (n = 8).

http://osf.io/h8xrs
http://osf.io/h8xrs
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Exercise Prescription Characteristics
A wide variety of comparators (n = 28) were used (Fig. 5) 
with the most frequent being non-exercise controls 
(n = 10), moderate intensity continuous exercise (n = 6), 
and prolonged sitting (n = 5). Of the 21 Chronic tri-
als, eight had a non-exercise control and four had no 
comparator.

A pre-exercise warm-up was reported in 40% of stud-
ies. For the Chronic studies, median exercise snack inter-
vention duration was 7 weeks (range 4.0 to 34.8 weeks), 
with snacks performed on a median of 4 days per week 
(range 2 to 7 days). Across all 33 studies, median exercise 

snack duration was 120  s (range 20  s to 720  s), median 
number of exercise snacks per day was 3 (range 1 to 20), 
median daily exercise snack duration was 960 s (16 min; 
range 60 s to 2,400 s) and the median rest between exer-
cise snacks was 60 min (range 1.5 min to 240 min).

Most studies (82%) prescribed exercise intensity 
(Fig. 6, inset), with the most frequent being ‘as many rep-
etitions as possible with appropriate technique/ safely’ 
(n = 7; Fig.  6) or non-reporting (n = 7). Prescribed inten-
sity was not reported in 10/33 studies. Exercise intensity 
was reported in 49% of studies (Fig.  6, inset). The most 
prevalent exercise intensity measures were heart rate 

Fig. 1 PRISMA flow chart outlining study inclusion process

 



Page 8 of 19Weston et al. Sports Medicine - Open           (2025) 11:27 

Fig. 3 Upset plot showing the frequency and different combinations of populations and population descriptors across the 33 exercise snacks studies

 

Fig. 2 Publication year and participant mean age for the 33 original studies in our scoping review
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(15% of studies), RPE (CR10 scale; 12%), and heart rate 
combined with RPE (CR10 scale; 12%). Other measures 
of exercise intensity were treadmill speed, power, power 
combined with RPE (CR10 scale; 6–20 scale), heart rate 
combined with RPE (6–20 scale), resistance (expressed 

as kilograms), percentage of maximal oxygen consump-
tion (%VO2max, power associated with %VO2max), and 
RPE (OMNI resistance scale). Ten studies did not report 
how exercise intensity was measured but in one of these 
studies the maximum number of steps climbed during 

Fig. 5 Bar chart of study comparators colored by study design

 

Fig. 4 Frequency of study concept (i.e., exercise definition) by context (i.e., location) grouped by exercise mode
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exercise was reported [91]. The mean ± SD of exercise 
intensity measures was the sole method of exercise inten-
sity confirmation (16/33 studies).

In an attempt to reconcile as much exercise snack 
intensity data as possible, we took heart rate data from 
five studies [23, 39, 64, 67, 98] and converted this into a 
mean exercise snack heart rate expressed as a percentage 

of maximal heart rate (%HRmax), using a generalized 
equation for predicting maximal heart rate [101], and 
also converted OMNI Resistance RPE [79] and 6–20 RPE 
[70] to the corresponding qualitative descriptor on the 
CR10 scale. Consequently, mean exercise snack heart rate 
and RPE (CR10) was 76.9 ± 11.2% HRmax (n = 10 studies) 
and 5.2 ± 1.6 AU (n = 10 studies), respectively (Fig. 7) with 

Fig. 7 Mean study exercise snack heart rate (n = 10) and RPE (n = 9*) colored by exercise mode and plotted against exercise snack duration.* Reference 
[96] reported exercise intensity via RPE (~ 6.0 AU) but provided no precise exercise snack duration

 

Fig. 6 Bar chart showing the different ways of exercise prescription, grouped by exercise mode, along with the proportion of studies reporting a pre-
scribed exercise intensity and reported exercise intensity (inset)
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the mean RPE equating to a perceived exertion of ‘hard’ 
on the CR10 scale.

Consensus of Exercise Reporting Template (CERT)
For most CERT reporting items, studies adhered to the 
reporting template, although four items were consistently 
underreported: Item 2 (qualification of the exercise pro-
vider: 5/33 studies), Item 6 (motivation strategies: 7/33 
studies), Item 11 (adverse events: 16/33 studies), and 
Item 16b (intervention fidelity: 2/33 studies; Fig. 8).

Study Outcomes
A wide variety (n = 87) of distinct physiological, psycho-
logical and behavioral outcome categories were utilized 
across the 33 studies with the most frequent categoriza-
tion of outcomes being cardiovascular (e.g., cardiore-
spiratory fitness, blood pressure etc.: n = 15), metabolic 
(e.g., blood glucose, lipid metabolism etc.; n = 13), mus-
cular (e.g., power: n = 12), and psychological measures 
(e.g., quality of life, enjoyment etc.: n = 12; Fig. 9). For full 
details on individual outcome measures from included 
studies, please see Supplementary File 3 and/or our open 
access data extraction sheet at http://osf.io/h8xrs.

Discussion
Our scoping review aimed to map global research on 
the application of exercise snacks. Overall, 45 eligible 
publications were identified, resulting from 33 original 
research studies conducted across eight high-income 

countries. Study designs utilized in included trials 
spanned the clinical trials umbrella definition (e.g., 
mechanistic, exploratory/developmental/pilot/feasibil-
ity, other interventional or behavioral), with just over 
half the included studies described as pilot or feasibility 
studies by their authors. The range of study designs, cou-
pled with the dominance of small-scale randomized con-
trolled trials, crossover trials, and single group studies, 
reflects the relative infancy of exercise snack as a research 
field, where most of the studies conducted to date could 
be classified as efficacy or proof-of-concept trials [102].

The number of publications on exercise snacks has 
been on an upward trajectory from 2017, with only four 
studies published prior to this date. From our systematic 
search, it appears the first peer-reviewed research publi-
cation to explicitly use the concept snacks of exercise was 
conducted in 2006 [61]. In this study, the impact of four, 
10-minute exercise snacks (brisk walking) on blood pres-
sure in hypertensive adults, was compared with moder-
ate-intensity continuous walking and a control condition. 
While not acknowledged at the time, it is likely this 2006 
publication partly inspired the 2007 online Newsweek 
article by Dr Howard Hartley, entitled “An ‘Exercise 
Snack’ Plan” [103], which has previously been credited 
as the first use of the exercise snacks concept (e.g [25, 
42]). The last research paper prior to the publication 
upsurge was by Francois et al. [62], which explored the 
role of exercise snacks before meals on glycemic control 
in adults with prediabetes or type 2 diabetes. To date, 

Fig. 8 Proportion of reported, not reported and not applicable items for each study when evaluated against the 16 CERT items

 

http://osf.io/h8xrs
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individuals with a form of diabetes (e.g., pre-diabetes, 
type 1 diabetes or type 2 diabetes) are the most studied 
clinical population within exercise snacks research, with 
four studies (one involving adolescents with type 1 dia-
betes) included in our review. This is, however, much 
lower than the number of studies where participants 
were described as ‘healthy’ (55% of our included studies). 
Given the nascent nature of the field however, this finding 
is unsurprising and likely reflects the recognized pathway 
of clinical trials, whereby treatments are first conducted 
in healthy individuals, followed by clinical groups only if 
successful and safe.

The median sample size of our included studies was 24 
participants and only 33% of studies provided an a-pri-
ori sample-size estimation. At odds with other sport and 
exercise sciences research, where females are typically 
under-represented [104], all 33 studies included female 
participants. This is encouraging and, where appropriate, 
should be maintained in future research. It should, how-
ever, be highlighted only a quarter of our included studies 
reported details on female participants’ menstrual cycle 
status, where relevant. Given some of the postulated 
fluctuations in, for example, insulin sensitivity, secretion 
and glucose during the menstrual cycle [105, 106], this 
could be an important methodological consideration that 
should be acknowledged [107] and/or controlled for in 

future studies [108]. In terms of the global picture, exer-
cise snack research, to date, appears to be concentrated 
in a small number of high-income countries. Further, the 
ethnicity of participants was only reported in 27% of our 
included studies, which negates our ability to conduct 
cross-cultural comparisons on how exercise snacks can 
be operationalized. Future research in the area should 
therefore consider these limitations and take pro-active 
steps to facilitate representativeness in exercise research, 
in recruitment strategies and reporting of participants’ 
characteristics.

Our study concept (i.e., exercise definition) was 
described by original study authors in a variety of ways. 
The term exercise snacks was used most frequently (60% 
of included studies) and represented protocols based on 
body-weight exercises, body-weight exercises and resis-
tance bands, stair climbing and walking. Interestingly, 
seven of our included studies utilized cycling protocols, 
yet only one directly referenced the snack element, via 
the term sprint snacks [23]. In the only study to describe 
strength snacks, resistance exercise was performed on leg 
extension and chest press machines [71]. Other included 
studies met our definition of exercise snacks (i.e., a 
structured bout of intense exercise dispersed across the 
day) yet did not explicitly refer to their protocol as exer-
cise snacks. For example, Bailey et al. [45] prescribed 

Fig. 9 Upset plot showing the frequency and combination study outcomes
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fragmented high-intensity activity breaks as a means of 
breaking up sedentary time in inactive adults, and Ho 
et al. [70] and Wun et al. [78] described their protocol 
as brief, maximal efforts dispersed across the day. This 
was also largely the case in the small number of studies 
involving children and adolescents. Here, only one pub-
lication defined their protocol as exercise snacks [79], 
with the remaining two describing their interventions as 
either high-intensity activity breaks [67] or short bursts 
of activity interspersed across the school day [60].

While all included studies share the commonality of 
incorporating brief bouts of purposeful exercise, dis-
persed throughout the day, it is evident that the exercise 
snack concept is already being used to refer to different 
exercise prescriptions in the literature. To ensure future 
syntheses on the topic can be pooled from appropriate 
studies, we propose the following. Firstly, we advocate 
for the consistent use of exercise snacks as a concept, 
which at this stage could be used as an umbrella term to 
describe all protocols whereby short, purposeful struc-
tured exercise (as opposed to lifestyle physical activ-
ity) is dispersed throughout the day. The concept of 
exercise snacks could replace and/or be used alongside 
exercise prescription names such as minimal-dose resis-
tance training [3] and fragmented/ dispersed/ accumu-
lated exercise models. This would ensure all applicable 
concepts are recognized and grouped appropriately in 
future data synthesizes, and could simplify the concept 
by minimizing scientific jargon and technical language. 
To facilitate this further, we also recommend that future 
studies report sufficient detail on their exercise prescrip-
tion model that could allow replication. This could aid 
the creation of sub-categories on an exercise snacks con-
tinuum, such as those already described as sprint snacks, 
strength snacks etc. In recognition of the important role 
that choice, variety and autonomy play in the psycho-
logical and behavioral impact of exercise behaviors [109, 
110] we do not advocate for the creation of standardized 
definition/prescription of exercise snacks, which would 
not allow for flexibility in exercise programming princi-
ples and individual choice. While we recognize the lack 
of standardized definition may hinder future efforts to 
synthesize data using statistical methods, we hope that 
our call to provide detailed descriptions of the exercise 
prescriptions will alleviate this somewhat. By providing 
greater flexibility in how the exercise snacks concept is 
operationalized, we hope this will also facilitate the con-
tinuation of studies across a variety of contexts, and fur-
ther widen the practical application of exercise snacks in 
daily life settings where appropriate.

To contrast the treatment effects of exercise snack 
protocols, a variety of comparators were employed, 
which reflects the differing study designs (i.e., Acute vs. 
Chronic), study context (laboratory, university, daily life, 

home or school) and the primary aims and outcomes of 
the original research trials. The most frequently adopted 
comparators were non-exercise controls, moderate-
intensity continuous exercise and prolonged sitting. Four 
of the 21 Chronic studies did not have a comparator arm, 
which has methodological limitations in inferring causal 
efficacy/effectiveness. In terms of intervention length, 
most chronic trials were relatively short (median dura-
tion of 7 weeks), with only 8/21 chronic training stud-
ies conducted for 12 weeks or longer. Of these, six were 
published in the three years immediately preceding this 
review [80, 83, 90, 92, 94, 98], which reflects the rapidly 
increasing pace of exercise snacks research. As the field 
continues to grow, we recommend trials of longer dura-
tion are conducted, with longer-term follow-up where 
possible. Across all 33 included studies, the mean study 
completion was very high (93% of participants), which is 
encouraging. Exercise snack duration, number of snacks 
performed per day, daily exercise snack duration, rest 
periods between snacks and the number of days per 
week snacks were performed varied widely, which fur-
ther highlights heterogeneity in the way in which exercise 
snacks are being prescribed with regards to exercise pro-
gramming principles.

For exercise intensity, 82% of studies provided infor-
mation on the prescribed intensity of exercise snacks. 
Intensity prescription method was well reported with 
was asking participants to complete ‘as many repetitions 
as possible with appropriate technique/safely’ (n = 7) the 
most common method. Such detail on exercise inten-
sity prescription is reassuring as intensity is very often 
the essential exercise programming principle [111] and 
monitoring intensity can provide an objective measure 
of the extent to which participants complied with the 
prescribed exercise dose [112]. Nevertheless, ten stud-
ies did not provide information on exercise intensity and 
crucially only 49% provided data of reported exercise 
intensity, with the mean ± standard deviation of exercise 
intensity measures being the sole method of reporting. 
Despite the concerns raised in our introduction on the 
usefulness of heart rate and RPE for measuring exercise 
snack intensity, the data extracted from studies illus-
trated a relatively intense exercise dose. For example, a 
mean exercise snack heart rate of 76.9% HRmax is close 
to the recommended threshold for high-intensity of 80% 
HRmax [113], and a RPE 5.2 AU equates to ‘hard’ on the 
CR10 scale. We acknowledge that such reconciliation of 
exercise intensity data across different exercise modes 
and protocols is done with caution, especially given the 
brevity of exercise snack bouts. However, the heart rate 
and particularly RPE data are encouraging, not only when 
considering the mediating role exercise intensity plays for 
training-induced physiological adaptation [114], but also 
as potential measures for prescribing and reporting the 
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intensity of brief, discrete exercise bouts (i.e., exercise 
snacks).

While the extracted exercise intensity data provide an 
overview of exercise snack intensity, it cannot show fidel-
ity of the trial or intervention (i.e., the extent to which it 
was delivered as intended across all participants [115]). In 
chronic training studies, for example, repeated exercise 
snack sessions performed across an intervention period 
will give rise to between- and within-participant vari-
ability in the exercise intensity response. As the observed 
between-participant standard deviation provides no 
robust information pertaining to the within-participant 
variability, and overestimates the true between-partic-
ipant variability, it is not possible to establish whether 
the content and process of the intervention was consis-
tent throughout the trial [112]. It is therefore unsurpris-
ing that the CERT item most often underreported was 
Item 16b (intervention fidelity), which was adequately 
reported in only two of 33 studies. To address these 
methodological issues in future trials, researchers should 
give due consideration to how they intend to prescribe, 
monitor and report the intensity of their exercise snack 
protocols. This is particularly pertinent for studies where 
the context is inherently unsupervised, such as exer-
cise snack protocols conducted at home or in daily life. 
One possible solution is using wearable physical activity 
trackers [116, 117], which can collect the real-time data 
either remotely or in-person and would allow data to be 
analyzed using statistical models which can account for 
between- and within-participant variations (e.g., appro-
priate linear mixed modelling [112]).

In comparison to common criticisms around trial 
and exercise reporting quality in sport and exercise sci-
ences (e.g [43, 44]), the study protocols in our review 
were largely well described and detailed. Indeed, when 
mapped onto the CERT [44], studies mostly adhered to 
the 16 reporting items. Along with intervention fidelity 
(Item 16b), three items were consistently underreported, 
namely Item 2 (qualification of the exercise provider), 
Item 6 (motivation strategies), Item 11 (adverse events). 
Given the often-intense nature of exercise snack proto-
cols and inclusion of clinical populations in trials, it is 
particularly concerning that more than half of the stud-
ies did not report on adverse events (Item 11), even if 
simply to report that none occurred. Regardless of pop-
ulation, this should be addressed in all future studies to 
allow the safety of exercise snacks to be robustly exam-
ined, ideally via the CONSORT Harms 2022 checklist 
[118]. Where possible, detail should also be provided on 
how risk to participants is mitigated in protocols involv-
ing trip hazards, such as stair climbing. For example, in 
the supervised stair snacks study by Rafiei et al. [39], par-
ticipants classified as young and healthy weight received 
an instruction to ascend stairs ‘as quickly and safely as 

possible’. In contrast, participants who were living with 
overweight or obesity, were asked to ‘climb the stairs at a 
self-selected challenging pace’, which acknowledged that 
stair climbing at a sprint pace was not feasible for some 
participants. Considering other recent reviews have pro-
posed the potential role of exercise snacks in people liv-
ing with, and beyond, cancer [40], it will be interesting to 
observe how research develops in other clinical popula-
tions over time. Here, however, it may be necessary for 
the field to diverge slightly for safety and patient care 
purposes. For example, our review has provided details 
of largely unsupervised exercise snack protocols (i.e., 
performed at home or in daily life) in healthy adults and 
some older adult groups. As the field continues to grow, it 
is therefore likely that more protocols in healthy popula-
tions, and possibly in groups with well-managed clinical 
conditions, will be performed without direct supervision/
observation. This could be facilitated through the provi-
sion of wearable technologies, such as physical activity 
trackers, heart-rate monitors, smart watches, and arm-
mounted continuous glucose monitors for individuals 
with pre-diabetes and/or type 2 diabetes, as a means of 
remotely monitoring exercise responses. In other clinical 
populations, (e.g., those with poorly managed/ multiple 
long-term conditions or relative or absolute contraindi-
cations to exercise), however, it may never be appropri-
ate to perform exercise snacks without direct supervision 
from researchers, exercise practitioners or healthcare 
professionals.

Across the studies included in our review, 87 distinct 
physiological, psychological, and behavioral outcome 
measures were utilized. These individual outcomes were 
then collapsed into ten outcome categories for the pur-
poses of reporting (inflammatory, appetite, vascular, 
anthropometric, feasibility, psychological, cardiovascu-
lar, movement, muscular, and metabolic). Most studies 
included more than one outcome measure, and the most 
frequently reported outcomes were cardiovascular, meta-
bolic, muscular, and psychological measures. In future 
research it would be valuable to more consistently incor-
porate psychological outcomes (e.g., self-efficacy, affect) 
to both better understand the experience of exercise 
snacks and consider mediators of behavioral adherence 
over time. In line with scoping review guidance, we have 
not extracted nor presented results from our included 
studies, since they have not undergone a process of criti-
cal appraisal, nor been analyzed using advanced data 
synthesis techniques [55]. This is to ensure misplaced 
conclusions regarding the efficacy and/or effectiveness 
(or not) of exercise snacks do not occur because of our 
review.

Collectively, it is evident that exercise snacks are 
already being conceptualized through a variety of exer-
cise prescriptions and assessed against a wide range of 
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outcomes which span the human health and well-being 
spectrum. The heterogeneity of the exercise prescriptions 
and outcome measures adopted in our included stud-
ies does pose some interesting considerations on how 
exercise snacks could be collectively synthesized in the 
future. Indeed, while scoping reviews are not designed 
to address questions of feasibility, appropriateness, 
meaningfulness, or effectiveness [55], if the field contin-
ues to advance at the current pace, there will become a 
point where a systematic review and/or meta-analysis 
is deemed appropriate. Here, researchers may need to 
consider whether exercise snacks can exist as a singular 
concept, or whether a continuum-based model, similar 
to those recently observed for HIIT, for example [119], 
would be more appropriate. Further, while the group-
ing of diverse populations and study types is appropriate 
for a scoping review, this approach would not be suit-
able for reviews aiming to synthesise data from discrete 
populations, study designs or outcomes. In this eventu-
ality, researchers may wish to focus on a specific group 
(i.e., youth, adult or clinical populations) and differentiate 
by study type (i.e., Acute or Chronic studies) and study 
outcomes where appropriate, to allow valid comparisons 
to be made. The terminology and reporting guidance we 
have provided should assist with this, as it is possible that 
different exercise snack protocols may give rise to differ-
ent physiological, psychological, and behavioral stimuli 
and subsequent adaptations, which will require careful 
consideration in future studies and syntheses.

From our review, it is evident most of the research to 
date has focused on adult and older populations, with 
the potential application in children and adolescents still 
under-researched. More studies in school-age partici-
pants therefore represents a potential avenue for future 
research. Indeed, the dispersed nature of exercise snacks 
may align well with protocols based around physical 
activity breaks in school settings [120, 121], provided 
the exercise intensity is sufficient and the protocol itself 
well described. Of note, many studies which did not meet 
these criteria were excluded during the screening process 
of our review. Considering studies which utilized exercise 
snacks as a means of breaking up sedentary behavior, a 
valuable context and population for future studies from 
a public and occupational health perspective are work-
places and individuals with sedentary-based occupations. 
Four of our included studies have begun to explore this 
context, via supervised snack protocols conducted in uni-
versity premises [23, 39, 94, 96], while only one study to 
date has utilized an unsupervised workday protocol [89]. 
It could therefore be postulated that a balance is needed 
between protocols which have the possibility for scale-up 
for public health benefit (i.e., able to be conducted with-
out supervision), yet can also be conducted safely and 
with high fidelity.

Given the infancy of exercise snacks field, it is unsur-
prising that laboratory-based studies still represent the 
largest proportion of study contexts in our review and 
study sample sizes are still relatively small. To allevi-
ate concerns over non-replicable science, future stud-
ies should pre-register their protocols, conduct a-priori 
sample size estimations (procedures poorly conducted 
by studies included in our review), and avoid combin-
ing many dependent variables with small study samples 
[122]. Trial and exercise reporting in future studies 
should continue to follow guidance such as the CERT and 
CONSORT Harms template [44, 118] and utilize appro-
priate equipment and techniques to adequately evaluate 
the exercise treatment fidelity.

The reporting of CERT items from our included stud-
ies is a novel and key strength of our review, highlighting 
items which were consistently underreported. None-
theless, while our scoping review has comprehensively 
identified and mapped the available evidence on exercise 
snacks, it is not without limitations. First, we were only 
able to include studies published in the English language, 
therefore trials published in other languages would have 
been missed. This limitation may be reflected by our 
inclusion of only five studies conducted in countries 
where English is not the first language. Second, while we 
sought to include studies involving children and adoles-
cents and clinical groups, these populations were rep-
resented by a relatively small number of studies in our 
review. Finally, as a result of the included studies, rather 
than the scoping review process itself, it was apparent 
that some important trial and exercise reporting practices 
were underreported across all studies, namely measures 
and explanations of intervention fidelity and reporting 
of adverse events. For those involved in the research, sci-
ence, and practice of exercise snacks prescription and 
promotion, monitoring the safety, appropriateness, and 
achievement of such prescriptions is paramount, and 
should be a key focus of future research and practice.

Conclusions
From our review, it is evident that exercise snacks are 
already being applied through an array of concepts and 
contexts on a wide range of outcome measures related to 
human health and well-being, albeit largely in relatively 
small samples of adult and older adults. If the field con-
tinues to grow, researchers should strive to recruit larger 
and more diverse samples into their studies and continue 
to prescribe and report detailed exercise snacking proto-
cols which are suitable for their study populations, and 
replicable by other research groups.

Abbreviations
ACSM  American College of Sports Medicine
AU  Arbitrary Units
BASES  British Association of Sport and Exercise Sciences



Page 16 of 19Weston et al. Sports Medicine - Open           (2025) 11:27 

CERT  Consensus on Exercise Reporting Template
CONSORT  CONsolidated Standards Of Reporting Trials
ECSS  European College of Sport Science
FITT-VP  Frequency, Intensity, Time, Type, Volume, and Progression
HIIT  High-Intensity Interval Training
%HRmax  Percentage of maximal heart rate
JBI  Joanna Briggs Institute
MET  Metabolic Equivalent of Task
PCC  Population, Concept [including Outcome], and Context
PRESS  Peer Review of Electronic Search Strategies
RPE  Rating of Perceived Exertion
SD  Standard Deviation
SIT  Sprint Interval Training
TiDIER  Template for Intervention Description and Replication
UK  United Kingdom
USA  United States of America
VO2max  Maximal Oxygen Consumption
VILPA  Vigorous Intermittent Lifestyle Physical Activity

Supplementary Information
The online version contains supplementary material available at  h t t p  s : /  / d o i  . o  r 
g /  1 0 .  1 1 8 6  / s  4 0 7 9 8 - 0 2 5 - 0 0 8 2 9 - 6.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Acknowledgements
N.A.

Author contributions
KW: conception of idea, writing and editing of protocol, level 1 and level 2 
screening, data extraction, interpretation of results, writing and editing of 
manuscript. JL: conception of idea, reviewing and editing of protocol, level 
1 screening, data extraction, interpretation of results, reviewing and editing 
of manuscript. MW: conception of idea, writing and editing of protocol, 
conducting initial searches, creating initial search strategies, level 1 and level 
2 screening, data extraction, interpretation and writing of results, writing 
and editing of manuscript. SM: level 1 and level 2 screening, reviewing and 
editing of manuscript. VK: reviewing and editing of protocol, refining search 
strategies, literature searching. AG: level 1 and level 2 screening, reviewing 
and editing of manuscript. AN: data extraction, reviewing and editing of 
protocol, interpretation of results, reviewing and editing of manuscript. MAM: 
conception of idea, reviewing and editing of protocol, interpretation of results, 
reviewing and editing of manuscript. KAM: conception of idea, reviewing 
and editing of protocol, interpretation of results, reviewing and editing of 
manuscript. All authors read and approved the final version.

Funding
No funding was received for the completion of this scoping review.

Data Availability
The datasets generated during and/or analysed during the current study are 
available in the Open Science Framework repository, http://osf.io/h8xrs, and in 
Supplementary File 3.

Declarations

Ethics Approval and Consent to Participate
Given the nature of our study (a systematic scoping review on publicly 
accessible documents), the need for ethical approval and consent to 
participate was waived.

Consent for Publication
Not applicable.

Scoping Review registration
Our scoping review protocol was registered on the Open Science Framework 
(http://osf.io/h8xrs).

Competing Interests
The authors have no competing interests to declare that are relevant to the 
content of this article.

Author details
1Department of Psychological Sciences and Health, University of 
Strathclyde, Glasgow, UK
2School of Health and Exercise Sciences, University of British Columbia, 
Okanagan, Kelowna, British Columbia, Canada
3Applied Sports, Technology, Exercise and Medicine (A-STEM) Research 
Centre, Swansea University, Swansea, UK
4Institute for Sport, Physical Education and Health Science, Moray House 
School of Education and Sport, University of Edinburgh, Edinburgh, UK
5Institute of Sport, Manchester Metropolitan University, Manchester, UK
6Physical Activity for Health Research Centre (PAHRC), University of 
Edinburgh, Edinburgh, UK

Received: 9 September 2024 / Accepted: 3 March 2025

References
1. Chaput J-P, Willumsen J, Bull F, Chou R, Ekelund U, Firth J, et al. 2020 WHO 

guidelines on physical activity and sedentary behaviour for children and 
adolescents aged 5–17 years: summary of the evidence. Int J Behav Nutr Phys 
Activity. 2020;17:1–9.

2. Ekelund U, Tarp J, Steene-Johannessen J, Hansen BH, Jefferis B, Fagerland MW 
et al. Dose-response associations between accelerometry measured physical 
activity and sedentary time and all cause mortality: systematic review and 
harmonised meta-analysis. BMJ. 2019;366.

3. Fyfe JJ, Hamilton DL, Daly RM. Minimal-Dose resistance training for improving 
muscle mass, strength, and function: A narrative review of current evidence 
and practical considerations. Sports Med. 2022;52(3):463–79.

4. Lang JJ, Prince SA, Merucci K, Cadenas-Sanchez C, Chaput J-P, Fraser BJ, et 
al. Cardiorespiratory fitness is a strong and consistent predictor of morbidity 
and mortality among adults: an overview of meta-analyses representing over 
20.9 million observations from 199 unique cohort studies. Br J Sports Med. 
2024;58(10):556–66.

5. Raghuveer G, Hartz J, Lubans DR, Takken T, Wiltz JL, Mietus-Snyder M, 
et al. Cardiorespiratory fitness in youth: an important marker of health: 
a scientific statement from the American heart association. Circulation. 
2020;142(7):e101–18.

6. Tremblay MS, Aubert S, Barnes JD, Saunders TJ, Carson V, Latimer-Cheung AE, 
et al. Sedentary behavior research network (SBRN): terminology consensus 
project process and outcome. Int J Behav Nutr Phys Act. 2017;14(1):75.

7. Dunstan DW, Dogra S, Carter SE, Owen N. Sit less and move more for 
cardiovascular health: emerging insights and opportunities. Nat Rev Cardiol. 
2021;18(9):637–48.

8. Tremblay MS, LeBlanc AG, Kho ME, Saunders TJ, Larouche R, Colley RC, et al. 
Systematic review of sedentary behaviour and health indicators in school-
aged children and youth. Int J Behav Nutr Phys Activity. 2011;8:1–22.

9. Williamson C, Baker G, Mutrie N, Niven A, Kelly P. Get the message? A scop-
ing review of physical activity messaging. Int J Behav Nutr Phys Activity. 
2020;17:1–15.

10. Healy S, Patterson F, Biddle S, Dumuid D, Glorieux I, Olds T et al. It’s about time 
to exercise: development of the exercise participation explained in relation to 
time (EXPERT) model. Br J Sports Med. 2024.

11. Gibala MJ, Little JP. Physiological basis of brief vigorous exercise to improve 
health. J Physiol. 2020;598(1):61–9.

12. Duncombe SL, Barker AR, Bond B, Earle R, Varley-Campbell J, Vlachopoulos 
D, et al. School-based high-intensity interval training programs in children 
and adolescents: A systematic review and meta-analysis. PLoS ONE. 
2022;17(5):e0266427.

13. Batacan RB, Duncan MJ, Dalbo VJ, Tucker PS, Fenning AS. Effects of high-
intensity interval training on cardiometabolic health: a systematic review and 
meta-analysis of intervention studies. Br J Sports Med. 2017;51(6):494–503.

https://doi.org/10.1186/s40798-025-00829-6
https://doi.org/10.1186/s40798-025-00829-6
http://osf.io/h8xrs
http://osf.io/h8xrs


Page 17 of 19Weston et al. Sports Medicine - Open           (2025) 11:27 

14. da Silva DE, Grande AJ, Roever L, Tse G, Liu T, Biondi-Zoccai G, et al. High-
intensity interval training in patients with type 2 diabetes mellitus: a system-
atic review. Curr Atheroscler Rep. 2019;21:1–10.

15. Poon ET-C, Li H-Y, Little JP, Wong SH-S, Ho RS-T. Efficacy of interval training in 
improving body composition and adiposity in apparently healthy adults: an 
umbrella review with Meta-Analysis. Sports Med. 2024;1:24.

16. Poon ETC, Li HY, Gibala MJ, Wong SHS, Ho RST. High-intensity interval training 
and cardiorespiratory fitness in adults: an umbrella review of systematic 
reviews and meta‐analyses. Scand J Med Sci Sports. 2024;34(5):e14652.

17. Jakicic JM, Kraus WE, Powell KE, Campbell WW, Janz KF, Troiano RP, et al. Asso-
ciation between bout duration of physical activity and health: systematic 
review. Med Sci Sports Exerc. 2019;51(6):1213.

18. Murphy MH, Lahart I, Carlin A, Murtagh E. The effects of continuous com-
pared to accumulated exercise on health: a meta-analytic review. Sports Med. 
2019;49:1585–607.

19. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al. World 
health organization 2020 guidelines on physical activity and sedentary 
behaviour. Br J Sports Med. 2020;54(24):1451–62.

20. Piercy KL, Troiano RP, Ballard RM, Carlson SA, Fulton JE, Galuska DA, et al. The 
physical activity guidelines for Americans. JAMA. 2018;320(19):2020–8.

21. Davies DSC, Atherton F, McBride M, Calderwood C. UK chief medi-
cal officers’ physical activity guidelines. Department Health Social Care. 
2019(September):1–65.

22. Dempsey PC, Grace MS, Dunstan DW. Adding exercise or Subtracting 
sitting time for glycaemic control: where do we stand? Diabetologia. 
2017;60(3):390–4.

23. Little JP, Langley J, Lee M, Myette-Cote E, Jackson G, Durrer C, et al. Sprint 
exercise snacks: a novel approach to increase aerobic fitness. Eur J Appl 
Physiol. 2019;119(5):1203–12.

24. Jenkins EM, Nairn LN, Skelly LE, Little JP, Gibala MJ. Do stair climbing 
exercise snacks improve cardiorespiratory fitness? Appl Physiol Nutr Metab. 
2019;44(6):681–4.

25. Islam H, Gibala MJ, Little JP. Exercise snacks: A novel strategy to improve 
cardiometabolic health. Exerc Sport Sci Rev. 2022;50(1):31–7.

26. Buckner SL, Dankel SJ, Mattocks KT, Jessee MB, Mouser JG, Loenneke JP. The 
affective and behavioral responses to repeated strength snacks. Physiol Int. 
2018;105(2):188–97.

27. Fyfe JJ, Dalla Via J, Jansons P, Scott D, Daly RM. Feasibility and acceptability of 
a remotely delivered, home-based, pragmatic resistance ‘exercise snacking’ 
intervention in community-dwelling older adults: a pilot randomised con-
trolled trial. BMC Geriatr. 2022;22(1):521.

28. Stamatakis E, Huang BH, Maher C, Thogersen-Ntoumani C, Stathi A, Dempsey 
PC, et al. Untapping the health enhancing potential of vigorous intermit-
tent lifestyle physical activity (VILPA): rationale, scoping review, and a 4-Pillar 
research framework. Sports Med. 2021;51(1):1–10.

29. Sanders JP, Biddle SJH, Gokal K, Sherar LB, Skrybant M, Parretti HM, et al. 
Snacktivity’ to increase physical activity: time to try something different? Prev 
Med. 2021;153:106851.

30. Weston M, Weston KL, Prentis JM, Snowden CP. High-intensity interval train-
ing (HIT) for effective and time-efficient pre-surgical exercise interventions. 
Perioperative Med. 2016;5:1–9.

31. Medicine ACoS. ACSM’s guidelines for exercise testing and prescription. Lip-
pincott williams & wilkins; 2013.

32. Rebar AL, Dimmock JA, Jackson B, Rhodes RE, Kates A, Starling J, et al. A 
systematic review of the effects of non-conscious regulatory processes in 
physical activity. Health Psychol Rev. 2016;10(4):395–407.

33. Thogersen-Ntoumani C, Kritz M, Grunseit A, Chau J, Ahmadi M, Holtermann 
A, et al. Barriers and enablers of vigorous intermittent lifestyle physical activ-
ity (VILPA) in physically inactive adults: a focus group study. Int J Behav Nutr 
Phys Act. 2023;20(1):78.

34. Lador F, Azabji Kenfack M, Moia C, Cautero M, Morel DR, Capelli C, et al. Simul-
taneous determination of the kinetics of cardiac output, systemic O2 delivery, 
and lung O2 uptake at exercise onset in men. Am J Physiology-Regulatory 
Integr Comp Physiol. 2006;290(4):R1071–9.

35. Ishida K, Sato Y, Katayama K, Miyamura M. Initial ventilatory and circulatory 
responses to dynamic exercise are slowed in the elderly. J Appl Physiol. 
2000;89(5):1771–7.

36. Buchheit M, Laursen PB. High-intensity interval training, solutions to the 
programming puzzle: part I: cardiopulmonary emphasis. Sports Med. 
2013;43(5):313–38.

37. Nicolò A, Marcora SM, Sacchetti M. Respiratory frequency is strongly associ-
ated with perceived exertion during time trials of different duration. J Sports 
Sci. 2016;34(13):1199–206.

38. McLaren SJ, Macpherson TW, Coutts AJ, Hurst C, Spears IR, Weston M. The 
relationships between internal and external measures of training load and 
intensity in team sports: a meta-analysis. Sports Med. 2018;48:641–58.

39. Rafiei H, Omidian K, Myette-Cote E, Little JP. Metabolic effect of breaking up 
prolonged sitting with stair climbing exercise snacks. Med Sci Sports Exerc. 
2021;53(1):150–8.

40. Jenkins DG, Devin JL, Weston KL, Jenkins JG, Skinner TL. Benefits beyond car-
diometabolic health: the potential of frequent high intensity ‘exercise snacks’ 
to improve outcomes for those living with and beyond cancer. J Physiol. 
2023;601(21):4691–7.

41. Jones MD, Clifford BK, Stamatakis E, Gibbs MT. Exercise snacks and other 
forms of intermittent physical activity for improving health in adults and 
older adults: A scoping review of epidemiological, experimental and qualita-
tive studies. Sports Med. 2024;54(4):813–35.

42. Wang T, Laher I, Li S. Exercise snacks and physical fitness in sedentary popula-
tions. Sports Medicine and Health Science; 2024.

43. Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher D et al. Better 
reporting of interventions: template for intervention description and replica-
tion (TIDieR) checklist and guide. BMJ. 2014;348.

44. Slade SC, Dionne CE, Underwood M, Buchbinder R. Consensus on exercise 
reporting template (CERT): explanation and elaboration statement. Br J 
Sports Med. 2016;50(23):1428–37.

45. Bailey DP, Orton CJ, Maylor BD, Zakrzewski-Fruer JK. Cardiometabolic 
response to a single High-intensity interval exercise session versus breaking 
up sedentary time with fragmented High-intensity interval exercise. Int J 
Sports Med. 2019;40(3):165–70.

46. Peters MD, Godfrey CM, Khalil H, McInerney P, Parker D, Soares CB. Guid-
ance for conducting systematic scoping reviews. JBI Evid Implement. 
2015;13(3):141–6.

47. Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, et al. PRISMA 
extension for scoping reviews (PRISMA-ScR): checklist and explanation. Ann 
Intern Med. 2018;169(7):467–73.

48. Munn Z, Peters MD, Stern C, Tufanaru C, McArthur A, Aromataris E. Sys-
tematic review or scoping review? Guidance for authors when choosing 
between a systematic or scoping review approach. BMC Med Res Methodol. 
2018;18:1–7.

49. Levac D, Colquhoun H, O’brien KK. Scoping studies: advancing the method-
ology. Implement Sci. 2010;5:1–9.

50. Peters MD, Marnie C, Tricco AC, Pollock D, Munn Z, Alexander L, et al. Updated 
methodological guidance for the conduct of scoping reviews. JBI Evid Syn-
thesis. 2020;18(10):2119–26.

51. Paez A. Gray literature: an important resource in systematic reviews. J 
Evidence-Based Med. 2017;10(3):233–40.

52. McGowan J, Sampson M, Salzwedel DM, Cogo E, Foerster V, Lefebvre C. PRESS 
peer review of electronic search strategies: 2015 guideline statement. J Clin 
Epidemiol. 2016;75:40–6.

53. Ryan JC, Viana JN, Sellak H, Gondalia S, O’Callaghan N. Defining precision 
health: a scoping review protocol. BMJ Open. 2021;11(2):e044663.

54. Aromataris ELC, Porritt K, Pilla B, Jordan Z. JBI Manual for Evidence Synthesis. 
2024 [cited 2024; Available from:  h t t p  s : /  / j b i  - g  l o b  a l -  w i k i  . r  e fi   n e d  . s i t  e /  s p a c e / M A 
N U A L

55. Pollock D, Peters MDJ, Khalil H, McInerney P, Alexander L, Tricco AC, et al. 
Recommendations for the extraction, analysis, and presentation of results in 
scoping reviews. JBI Evid Synth. 2023;21(3):520–32.

56. Haddaway NR, Page MJ, Pritchard CC, McGuinness LA. PRISMA2020: an 
R package and Shiny app for producing PRISMA 2020-compliant flow 
diagrams, with interactivity for optimised digital transparency and open 
synthesis. Campbell Syst Reviews. 2022;18(2):e1230.

57. Wickham H. ggplot2: elegant graphics for data analysis. Springer; 2016.
58. Gehlenborg N. UpSetR: a more scalable alternative to Venn and Euler dia-

grams for visualizing intersecting sets. R package version.  h t t p s :   /  / C R A  N  .  R -  p r o  j 
e  c  t .  o  r g / p a c k  a g e = U p S e t R. 2019.

59. Conway JR, Lex A, Gehlenborg N. UpSetR: an R package for the visualization 
of intersecting sets and their properties. Bioinformatics. 2017;33(18):2938–40.

60. McKay HA, MacLean L, Petit M, MacKelvie-O’Brien K, Janssen P, Beck T, et al. 
Bounce at the Bell’: a novel program of short bouts of exercise improves 
proximal femur bone mass in early pubertal children. Br J Sports Med. 
2005;39(8):521–6.

https://jbi-global-wiki.refined.site/space/MANUAL
https://jbi-global-wiki.refined.site/space/MANUAL
https://CRAN.R-project.org/package=UpSetR
https://CRAN.R-project.org/package=UpSetR


Page 18 of 19Weston et al. Sports Medicine - Open           (2025) 11:27 

61. Elley R, Bagrie E, Arroll B. Do snacks of exercise lower blood pressure? A 
randomised crossover trial. N Z Med J. 2006;119:72–80.

62. Francois ME, Baldi JC, Manning PJ, Lucas SJ, Hawley JA, Williams MJ, et al. 
Exercise snacks’ before meals: a novel strategy to improve glycaemic control 
in individuals with insulin resistance. Diabetologia. 2014;57(7):1437–45.

63. Bhammar DM, Sawyer BJ, Tucker WJ, Gaesser GA. Breaks in sitting time: effects 
on continuously monitored glucose and blood pressure. Med Sci Sports 
Exerc. 2017;49(10):2119–30.

64. Engeroff T, Fuzeki E, Vogt L, Banzer W. Breaking up sedentary time, physical 
activity and lipoprotein metabolism. J Sci Med Sport. 2017;20(7):678–83.

65. Nagy MR, O’Sullivan MP, Block SS, Tooley TR, Robinson LE, Colabianchi N, et 
al. Affective responses to intermittent physical activity in healthy weight 
and overweight/obese elementary School-Age children. J Phys Act Health. 
2017;14(11):845–51.

66. Ajibewa TA, O’Sullivan MP, Nagy MR, Block SS, Robinson LE, Colabianchi N, et 
al. The effects of interrupting prolonged sitting with intermittent activity on 
appetite sensations and subsequent food intake in preadolescent children. 
PLoS ONE. 2017;12(12):e0188986.

67. O’Sullivan MP, Nagy MR, Block SS, Tooley TR, Robinson LE, Colabianchi N, 
et al. Acute compensatory responses to interrupting prolonged sitting 
with intermittent activity in preadolescent children. Pediatr Exerc Sci. 
2018;30(2):259–65.

68. Gay JL, Buchner DM, Erickson ML, Lauture A. Effect of short bouts of high 
intensity activity on glucose among adults with prediabetes: A pilot random-
ized crossover study. Diabetes Res Clin Pract. 2018;141:168–74.

69. Maylor BD, Zakrzewski-Fruer JK, Orton CJ, Bailey DP. Beneficial postprandial 
lipaemic effects of interrupting sedentary time with high-intensity physical 
activity versus a continuous moderate-intensity physical activity bout: A 
randomised crossover trial. J Sci Med Sport. 2018;21(12):1250–5.

70. Ho BH, Lim I, Tian R, Tan F, Aziz AR. Effects of a novel exercise training protocol 
of Wingate-based sprint bouts dispersed over a day on selected cardiometa-
bolic health markers in sedentary females: a pilot study. BMJ Open Sport 
Exerc Med. 2018;4(1):e000349.

71. Buckner SL. The cardiovascular adaptations to repeated Strength Snacks. 
2018.

72. Block SS, Tooley TR, Nagy MR, O’Sullivan MP, Robinson LE, Colabianchi N, 
et al. Acute effect of intermittent exercise and Action-Based video game 
breaks on math performance in preadolescent children. Pediatr Exerc Sci. 
2018;30(3):326–34.

73. Dogra S, Wolf M, Jeffrey MP, Foley RCA, Logan-Sprenger H, Jones-Taggart H, 
et al. Disrupting prolonged sitting reduces IL-8 and lower leg swell in active 
young adults. BMC Sports Sci Med Rehabil. 2019;11:23.

74. Perkin OJ, McGuigan PM, Stokes KA. Exercise snacking to improve 
muscle function in healthy older adults: A pilot study. J Aging Res. 
2019;2019:7516939.

75. Weston E, Nagy M, Ajibewa TA, O’Sullivan M, Block S, Hasson RE. Acute effects 
of interrupting prolonged sitting with intermittent physical activity on blood 
pressure in preadolescent children. Pediatr Exerc Sci. 2019;31(4):408–15.

76. Caldwell HG, Coombs GB, Rafiei H, Ainslie PN, Little JP. Hourly staircase 
sprinting exercise snacks improve femoral artery shear patterns but not flow-
mediated dilation or cerebrovascular regulation: a pilot study. Appl Physiol 
Nutr Metab. 2021;46(5):521–9.

77. Nagy M, O’Sullivan M, Block S, Hasson RE. Acute effects of intermittent physi-
cal activity on perceptions of Exercise-Related fatigue in children. J Phys Act 
Health. 2020;17(6):603–9.

78. Wun CH, Zhang MJ, Ho BH, McGeough K, Tan F, Aziz AR. Efficacy of a Six-Week 
dispersed Wingate-Cycle training protocol on peak aerobic power, leg 
strength, insulin sensitivity, blood lipids and quality of life in healthy adults. 
Int J Environ Res Public Health. 2020;17(13).

79. Hasan R, Perez-Santiago D, Churilla James R, Montes B, Hossain J, Mauras N, 
et al. Can short bouts of exercise (Exercise Snacks) improve body composi-
tion in adolescents with type 1 diabetes?? A feasibility study. Hormone Res 
Paediatrics. 2019;92(4):245–53.

80. Jansons P, Dalla Via J, Daly RM, Fyfe JJ, Gvozdenko E, Scott D. Delivery of 
Home-Based exercise interventions in older adults facilitated by Amazon 
Alexa: A 12-week feasibility trial. J Nutr Health Aging. 2022;26(1):96–102.

81. Engeroff T, Fuzeki E, Vogt L, Banzer W. The acute effects of single or repeated 
bouts of Vigorous-Intensity exercise on insulin and glucose metabolism 
during postprandial sedentary behavior. Int J Environ Res Public Health. 
2022;19(8).

82. Maylor BD, Zakrzewski-Fruer JK, Orton CJ, Bailey DP. Short, frequent high-
intensity physical activity breaks reduce appetite compared to a continuous 
moderate-intensity exercise bout. Endocr Connect. 2023;12(2).

83. Jansons P, Fyfe JJ, Dalla Via J, Daly RM, Scott D. Barriers and enablers associ-
ated with participation in a home-based pragmatic exercise snacking pro-
gram in older adults delivered and monitored by Amazon Alexa: a qualitative 
study. Aging Clin Exp Res. 2023;35(3):561–9.

84. Stawarz K, Liang IJ, Alexander L, Carlin A, Wijekoon A, Western MJ. Exploring 
the potential of technology to promote exercise snacking for older adults 
who are prefrail in the home setting: User-Centered design study. JMIR 
Aging. 2023;6:e41810.

85. Western MJ, Welsh T, Keen K, Bishop V, Perkin OJ. Exercise snacking to 
improve physical function in pre-frail older adult memory clinic patients: a 
28-day pilot study. BMC Geriatr. 2023;23(1):471.

86. Liang IJ, Perkin OJ, McGuigan PM, Thompson D, Western MJ. Feasibility and 
acceptability of home-based exercise snacking and Tai Chi snacking deliv-
ered remotely to self-isolating older adults during COVID-19. J Aging Phys 
Act. 2021;30(1):33–43.

87. Cabral-Santos C, Rafiei H, Lira FS, Little JP. Acute inflammatory response of 
breaking up prolonged sitting with stair climbing exercise snacks. American 
Diabetes Association 81st Scientific Sessions; 2021.

88. Zamora AN, Zeitlin AB, Moore J, Oppezzo MA, Exploring Perceptions. Barriers 
And Facilitators Of Participating In An Exercise Snack RCT: Insights From A 
Pilot Study. The Society of Behavioral Medicine’s 45th Annual Meeting & 
Scientific Sessions; 2024.

89. Oppezzo MA, Moore J, Aikens R, Prochaska JJ, Becker C, Baumgart C, Zeitlin 
AB, Calder D, Uetova E, Gross J. Feasibility And Acceptability Of A Workday 
Exercise Snacks Intervention. The Society of Behavioral Medicine’s 45th 
Annual Meeting & Scientific Sessions; 2024.

90. Babir F, Islam H, McCreary S, Vaz E, Jung M, Singer J, Richards D, Giabal M, 
Little J. Feasibiltiy of Technology-Enabled exercise snacks. A Real-World set-
ting: A Proof-Of-Concept randomised clinical trial. 29 ed. Annual Congress of 
the European College of Sport Science; 2024.

91. Ritter Y, Sun X, Spindler L, Pfister D, Gruber M, Schwenk M. Stair-Climbing 
exercise snacks integrated into daily life: A Proof-Of-Concept study. 29 ed. 
Annual Congress of the European College of Sport Science; 2024.

92. Liang IJ, Perkin O, Williams S, McGuigan P, Thompson D, Western MJ. The 
efficacy of 12-week progressive Home-Based strength and Tai-Chi exercise 
snacking in older adults: A Mixed-Method exploratory randomised control 
trial. J Frailty Aging. 2024:1–10.

93. Liang IJ, Francombe-Webb J, McGuigan PM, Perkin OJ, Thompson D, Western 
MJ. The acceptability of homebased exercise snacking and Tai-chi snacking 
amongst high and low function UK and Taiwanese older adults. Front Aging. 
2023;4:1180939.

94. Brandt T, Schwandner CTL, Schmidt A. Resistance exercise snacks improve 
muscle mass in female university employees: a prospective, controlled, 
intervention pilot-study. Front Public Health. 2024;12:1347825.

95. Yin M, Deng S, Chen Z, Zhang B, Zheng H, Bai M, et al. Exercise snacks are 
a time-efficient alternative to moderate-intensity continuous training for 
improving cardiorespiratory fitness but not maximal fat oxidation in inactive 
adults: a randomized controlled trial. Nutrition, and Metabolism: Applied 
Physiology; 2024.

96. Stork MJ, Marcotte-Chénard A, Jung ME, Little JP. Exercise in the workplace: 
examining the receptivity of practical and time-efficient stair-climbing exer-
cise snacks. Appl Physiol Nutr Metab. 2023;49(1):30–40.

97. Schmidt WD, Biwer CJ, Kalscheuer LK. Effects of long versus short bout 
exercise on fitness and weight loss in overweight females. J Am Coll Nutr. 
2001;20(5):494–501.

98. Zhou J, Gao X, Zhang D, Jiang C, Yu W. Effects of breaking up prolonged 
sitting via exercise snacks intervention on the body composition and plasma 
metabolomics of sedentary obese adults: a randomized controlled trial. 
Endocr J. 2024:EJ24–0377.

99. Winlove MA, Jones AM, Welsman JR. Influence of training status and exercise 
modality on pulmonary O2 uptake kinetics in pre-pubertal girls. Eur J Appl 
Physiol. 2010;108(6):1169–79.

100. Harlow SD, Gass M, Hall JE, Lobo R, Maki P, Rebar RW, et al. Executive sum-
mary of the stages of reproductive aging Workshop + 10: addressing the 
unfinished agenda of staging reproductive aging. J Clin Endocrinol Metabo-
lism. 2012;97(4):1159–68.

101. Tanaka H, Monahan KD, Seals DR. Age-predicted maximal heart rate revisited. 
J Am Coll Cardiol. 2001;37(1):153–6.



Page 19 of 19Weston et al. Sports Medicine - Open           (2025) 11:27 

102. Abbott JH. The distinction between randomized clinical trials (RCTs) and 
preliminary feasibility and pilot studies: what they are and are not. J Orthop 
Sports Phys Ther. 2014;44(8):555–8.

103. Hartley H. An ‘Exercise Snack’ Plan. Newsweek. 2007.
104. Cowley ES, Olenick AA, McNulty KL, Ross EZ. Invisible sportswomen: the sex 

data gap in sport and exercise science research. Women Sport Phys Activity J. 
2021;29(2):146–51.

105. Pulido JME, Salazar MA. Changes in insulin sensitivity, secretion and glucose 
effectiveness during menstrual cycle. Arch Med Res. 1999;30(1):19–22.

106. Bradshaw L, Buniam J, Betts JA, Gonzalez JT. Are there sex differences in the 
variability of fasting metabolism? J Appl Physiol. 2024;136(6):1450–9.

107. Elliott-Sale KJ, Minahan CL, de Jonge X, Ackerman KE, Sipila S, Constantini 
NW, et al. Methodological considerations for studies in sport and exercise sci-
ence with women as participants: A working guide for standards of practice 
for research on women. Sports Med. 2021;51(5):843–61.

108. Merrell LH, Perkin OJ, Bradshaw L, Collier-Bain HD, Collins AJ, Davies S, 
et al. Myths and methodologies: standardisation in human physiology 
research—should we control the controllables? Int J Sport Nutr Exerc Metab. 
2024;1(aop):1–9.

109. Deci EL, Ryan RM. The what and why of goal pursuits: human needs and the 
self-determination of behavior. Psychol Inq. 2000;11(4):227–68.

110. Teixeira PJ, Carraça EV, Markland D, Silva MN, Ryan RM. Exercise, physical activ-
ity, and self-determination theory: a systematic review. Int J Behav Nutr Phys 
Activity. 2012;9:1–30.

111. Hickson R, Foster C, Pollock M, Galassi T, Rich S. Reduced training intensities 
and loss of aerobic power, endurance, and cardiac growth. J Appl Physiol. 
1985;58(2):492–9.

112. Taylor KL, Weston M, Batterham AM. Evaluating intervention fidelity: 
an example from a high-intensity interval training study. PLoS ONE. 
2015;10(4):e0125166.

113. Weston KS, Wisløff U, Coombes JS. High-intensity interval training in patients 
with lifestyle-induced cardiometabolic disease: a systematic review and 
meta-analysis. Br J Sports Med. 2014;48(16):1227–34.

114. MacInnis MJ, Gibala MJ. Physiological adaptations to interval training and the 
role of exercise intensity. J Physiol. 2017;595(9):2915–30.

115. Dumas JE, Lynch AM, Laughlin JE, Smith EP, Prinz RJ. Promoting intervention 
fidelity: conceptual issues, methods, and preliminary results from the EARLY 
ALLIANCE prevention trial. Am J Prev Med. 2001;20(1):38–47.

116. Fuller D, Colwell E, Low J, Orychock K, Tobin MA, Simango B, et al. Reliability 
and validity of commercially available wearable devices for measuring steps, 
energy expenditure, and heart rate: systematic review. JMIR Mhealth Uhealth. 
2020;8(9):e18694.

117. Gill JM, Chico TJ, Doherty A, Dunn J, Ekelund U, Katzmarzyk PT, et al. Potential 
impact of wearables on physical activity guidelines and interventions: oppor-
tunities and challenges. BMJ Publishing Group Ltd and British Association of 
Sport and Exercise Medicine; 2023. pp. 1223–5.

118. Junqueira DR, Zorzela L, Golder S, Loke Y, Gagnier JJ, Julious SA, et al. CON-
SORT harms 2022 statement, explanation, and elaboration: updated guide-
line for the reporting of harms in randomised trials. BMJ. 2023;381:e073725.

119. Stöggl TL, Strepp T, Wiesinger H-P, Haller N. A training goal-oriented 
categorization model of high-intensity interval training. Front Physiol. 
2024;15:1414307.

120. Mavilidi MF, Drew R, Morgan PJ, Lubans DR, Schmidt M, Riley N. Effects 
of different types of classroom physical activity breaks on children’s 
on-task behaviour, academic achievement and cognition. Acta Paediatr. 
2020;109(1):158–65.

121. Masini A, Marini S, Gori D, Leoni E, Rochira A, Dallolio L. Evaluation of school-
based interventions of active breaks in primary schools: A systematic review 
and meta-analysis. J Sci Med Sport. 2020;23(4):377–84.

122. Ioannidis JP. Why most published research findings are false. PLoS Med. 
2005;2(8):e124.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Application of Exercise Snacks across Youth, Adult and Clinical Populations: A Scoping Review
	Abstract
	Key Points
	Background
	Aim and Objectives

	Methods
	Eligibility Criteria
	Information Sources and Search
	Selection of Sources of Evidence
	Data Extraction
	Synthesis and Presentation of Results

	Results
	Study Selection
	Study Characteristics
	Population
	Concept, Context and Exercise Mode
	Exercise Prescription Characteristics
	Consensus of Exercise Reporting Template (CERT)
	Study Outcomes

	Discussion
	Conclusions
	References


