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Responses to sprint interval exercise (SIE) are hypothesized to be perceived as

unpleasant, but SIE protocols are diverse, and moderating effects of various SIE protocol

parameters on affective responses are unknown. We performed a systematic search to

identify studies (up to 01/05/2021) measuring affective valence using the Feeling Scale

during acute SIE in healthy adults. Thirteen studies involving 18 unique trials and 316

unique participant (142 women and 174 men) affective responses to SIE were eligible

for inclusion. We received individual participant data for all participants from all studies.

All available end-of-sprint affect scores from each trial were combined in a linear mixed

model with sprint duration, mode, intensity, recovery duration, familiarization and baseline

affect included as covariates. Affective valence decreased significantly and proportionally

with each additional sprint repetition, but this effect wasmodified by sprint duration: affect

decreased more during 30 s (0.84 units/sprint; 95% CI: 0.74–0.93) and 15–20 s sprints

(1.02 units/sprint; 95% CI: 0.93–1.10) compared with 5–6 s sprints (0.20 units/sprint;

95% CI: 0.18–0.22) (both p < 0.0001). Although the difference between 15–20 s and

30 s sprints was also significant (p = 0.02), the effect size was trivial (d = −0.12). We

observed significant but trivial effects of mode, sprint intensity and pre-trial familiarization,

whilst there was no significant effect of recovery duration. We conclude that affective

valence declines during SIE, but the magnitude of the decrease for an overall SIE session

strongly depends on the number and duration of sprints. This information can be applied

by researchers to design SIE protocols that are less likely to be perceived as unpleasant

in studies of real-world effectiveness.

Systematic Review Registration: Open Science Framework, https://osf.io/sbyn3.
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INTRODUCTION

Physical inactivity is a key contributor to the development
of multiple chronic diseases, including type 2 diabetes and
cardiovascular disease (Booth et al., 2012). However, despite
the health benefits of being physically active (Pedersen and
Saltin, 2015), it is evident from both self-report and device-
driven data capture that a substantial proportion of the
general population does not meet the minimum recommended
thresholds of health-enhancing physical activity (PA) (Troiano
et al., 2008; Tucker et al., 2011; Chau et al., 2017; Guthold et al.,
2018). It is consistently reported that a lack of time is a key
perceived barrier to achieving sufficient PA (Trost et al., 2002;
Korkiakangas et al., 2009) and this barrier is in direct conflict with
the predominant focus on higher-volume, moderate intensity
continuous aerobic activity in PA guidelines (Piercy et al., 2018;
UK Chief Medical Officers’ Physical Activity Guidelines, 2019).
Addressing this perceived barrier of lack of time, has partly driven
the proliferation of research in the past 15 years investigating the
effects of PA and exercise paradigms that aim to provide health
benefits with a reduced exercise and total time commitment, such
as high-intensity interval exercise [HIIE; repeated (sub-)maximal
efforts] and sprint interval exercise (SIE; repeated “all-out” or
supramaximal sprints) (Gibala et al., 2012; Vollaard andMetcalfe,
2017; Gibala and Little, 2019). The accumulated evidence
for their efficacy in improving important health biomarkers
(Jelleyman et al., 2015; Batacan et al., 2017; Vollaard et al., 2017;
Martland et al., 2020) has recently led, for the first time, to
reference to very-vigorous-intensity activity and HIIE in UK (UK
Chief Medical Officers’ Physical Activity Guidelines, 2019) and
US (Piercy et al., 2018) PA recommendations.

Nonetheless, performing repeated high intensity efforts or
sprints may require high levels of motivation, result in discomfort
due to high physical exertion, and cause negative affective
responses (Hardcastle et al., 2014; Biddle and Batterham,
2015). Affective responses during exercise are thought to be
important because there is some evidence that affective responses
during moderate intensity continuous exercise (MICE) may be
consequential to future physical activity behavior (Rhodes and
Kates, 2015; Brand and Ekkekakis, 2018). Based on studies
investigating the effects of exercise intensity on changes in
core affective valence during continuous exercise, it has been
hypothesized that the high exercise intensities prescribed in
HIIE and SIE protocols will result in reductions in core
affective valence of a greater magnitude than would be observed
with MICE (Hardcastle et al., 2014; Biddle and Batterham,
2015). Concomitantly, it may be more likely that people will
experience negative affective valence (i.e., displeasure) during
HIIE/SIE compared to MICE (Hardcastle et al., 2014; Biddle
and Batterham, 2015). In partial support of this hypothesis,
a recent meta-analysis demonstrated that HIIE and SIE are
experienced as significantly less pleasant thanMICE (Niven et al.,
2020). Consequently, it has been argued that the reductions
in core affect during HIIE/SIE could reduce the likelihood of
regular engagement in this type of activity (Rhodes and Kates,
2015), although the evidence base is limited, and yet unclear
for high intensity activity HIIE and SIE (Stork et al., 2018).

Nevertheless, the potential promotion of SIE and/or HIIE as
public health interventions is controversial (Hardcastle et al.,
2014; Biddle and Batterham, 2015; Rhodes and Kates, 2015).
Interestingly, however, there is some evidence that HIIE and
SIE are experienced as significantly more enjoyable compared to
MICE (Niven et al., 2020).

An important consideration that is often ignored in the
debate on the merits of higher-intensity exercise paradigms,
is the fact that protocol variations (e.g., number of sprint
repetitions, sprint duration, recovery interval duration, training
frequency, mode of exercise) make HIIE and SIE interventions
highly diverse. Altering any one of these parameters will not
only alter the acute whole-body and tissue-specific physiological
responses and hence the potential health-related adaptations to
training (Metcalfe et al., 2015; Vollaard and Metcalfe, 2017),
but also, crucially, could change the affective and perceptual
experience during each acute exercise bout. Thus, the affective
and perceptual responses to HIIE and SIE, and their impact
on exercise enjoyment, motivation, intentions, and adherence,
may be more nuanced than is generally described. Treating all
HIIE protocols and all SIE protocols, or even all HIIE and SIE
protocols combined, as homogeneous entities in meta-analyses
will allow conclusions on the average protocol but may omit
important differences between protocols. Indeed, in their recent
meta-analysis, Niven et al. (2020) used a definition of HIIE
that incorporated both HIIE and SIE, but did not consider
the differential effect of each sub-type on affective outcomes.
In acknowledging high levels of heterogeneity in the review
findings, Niven et al. (2020) recommended that future research
should consider the moderating role of protocol variability on
affective outcomes. HIIE and SIE are not simply “MICE but
harder”; it can be argued that much like resistance exercise,
they should be treated as entirely different types of exercise.
Similarly, it should be acknowledged that SIE is not just “HIIE
but harder”; the exercise intensity during “all-out” supramaximal
SIE is several times higher than during (sub-)maximal HIIE, but
interval duration can also be several fold shorter. Consequently,
acute physiological responses to SIE and HIIE can be different
(Wood et al., 2016; Olney et al., 2018). Therefore, we propose
that HIIE and SIE should be treated as separate intervention types
when examining affective and perceptual responses.

The “classic” early studies on the effects of SIE on health
and fitness typically used a protocol involving 4–6 × 30-s all-
out sprints with 3–4min of recovery (Vollaard and Metcalfe,
2017). However, in light of the potential for this specific SIE
protocol to cause negative affective responses, more recent
research has shifted toward studying the effects of protocols
with a lower number of sprint repetitions [2–3; e.g. (Metcalfe
et al., 2012; Gillen et al., 2016)] and/or reduced sprint durations
[e.g. 5–6 s; e.g. (Adamson et al., 2019, 2020)], on the basis
that they may be perceived to be more palatable for previously
inactive or unfit individuals (Vollaard and Metcalfe, 2017).
There is accumulating evidence that such protocols remain
efficacious for improving key biomarkers of cardiovascular and
metabolic health in target populations (Metcalfe et al., 2012;
Gillen et al., 2016; Vollaard et al., 2017; Adamson et al., 2019,
2020), but an apparent lack of evidence regarding their impact
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on affective responses. Accordingly, there is considerable merit in
establishing how various SIE protocol permutations may impact
affective responses during acute SIE and, by extension, which (if
any) protocols are most likely to be associated with high levels
of adherence. Such findings would help take forward the debate
on the public health utility of SIE (and HIIE) interventions.
Therefore, in the present study, we performed a systematic review
and meta-analysis of all individual participant data from studies
that have investigated acute changes in core affective valence
during different SIE protocols. Our objective was to determine
whether the different SIE protocol parameters modified the
affective responses to SIE.

METHODS

The methodology for the current systematic review and meta-
analysis was registered on the Open Science Framework (https://
osf.io/sbyn3) on the 15th of September 2020 and is reported
in accordance with the updated 2020 Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
reporting guidelines (Moher et al., 2015). Ethical approval for
the review was granted by College of Engineering Research Ethics
Committee (reference: 2020-036).

Literature Search and Study Selection
A literature search of the title and abstract fields for relevant
articles written in English was conducted using the databases
PubMed, Web of Science, PsychINFO and SPORTDiscus, from
inception to 01 May 2021. A modified PICO search was
conducted with the following keywords for Exposure: sprint
interval, supramaximal, high intensity interval, high intensity
intermittent, HIIT, REHIT or interval training. The keywords to
define Outcome were: affect∗, perceptual, pleasure and feeling
state. To keep the search parameters broad, we deemed it
appropriate not to specify a Comparison group within the search
terms. Similarly, the inclusion criteria for Population were broad
and defined as healthy human adults 18 years or over and were
not specified within the search terms. Search terms for Exposure
and Outcome were combined, giving a total of 28 unique search
combinations within each database. The electronic database
search was supplemented by a manual review of reference lists
from relevant articles that were identified within the original
database search. All search results were collated into the web-
based application Rayyan (Ouzzani et al., 2016), duplicate articles
were removed, and then two reviewers (RM, NV) independently
screened the resulting articles against pre-defined inclusion and
exclusion criteria (outlined below). Articles were first screened
by the title and abstract and then full texts were obtained
for all articles that appeared to meet the inclusion criteria or
where there was any uncertainty following initial title/abstract
screening. During the full text review the authors used the label
and note functions in Rayyan to highlight eligibility criteria
and these were cross-referenced in the event of disagreement
in an inclusion/exclusion decision. Any discrepancies in relation
to study eligibility were discussed by the two reviewers until a
consensus was reached.

Inclusion and Exclusion Criteria
There are a variety of different tools available to measure
core affective valence (Ekkekakis, 2013). Based on previous
systematic/scoping reviews of the affective responses to HIIE
(Stork et al., 2017; Niven et al., 2020), we anticipated that a
range of these tools would have been employed to study the
affective responses to SIE. However, these previous reviews (Stork
et al., 2017; Niven et al., 2020) also highlighted that the most
common tool employed to measure affective valence is Hardy
and Rejeski’s 11 item Feeling Scale (Hardy and Rejesky, 1989).
For example, Niven et al. (2020) reported that The Feeling Scale
was employed in 22 out of 33 studies studying the affective
responses to HIIE. No other single measure was used by more
than 3 studies. Furthermore, several of these scales (e.g. PANAS,
POMS) would only be able to be applied post-exercise (Niven
et al., 2020), whereas we required a measurement tool that
would be able to capture fluctuations in affective valence at
multiple time points during SIE. Therefore, as the Feeling Scale
is a theoretically appropriate measure to assess the valence
dimension of core affect during exercise (Niven et al., 2020),
was likely to be the most commonly applied measure, and
would ensure consistency of outcome for our pre-planned meta-
analysis, we specified our primary outcome as core affective
valence measured using the Feeling Scale during acute SIE. In
addition, we specified a priori that we would only include those
studies where affect was measured on immediate completion of
more than one of the included sprints (including the final sprint).
This decision was taken to capture the most intense portion of
the SIE session, as this was likely to be when the lowest affective
valence would be reported. We originally intended to perform
a qualitative synthesis of studies that measured affective valence
with tools other than the Feeling Scale (https://osf.io/sbyn3).
However, in order to simplify the interpretation of the effect of
SIE protocol parameters on affective valence, we subsequently
made the decision (prior to performing final searches) to exclude
these and report only on studies that were eligible for our pre-
planned meta-analysis.

Considering the aims of this review, it was important to clearly
define SIE and how it was differentiated from HIIE. We use
the term “interval exercise” as an umbrella term to describe
exercise sessions alternating between short periods of relatively
intense exercise with periods of relatively lower intensity or
resting recovery (Weston et al., 2014), with HIIE and SIE as
subcategories of interval exercise. HIIE involves relatively intense
but submaximal workloads (based on power at VO2max) that
elicit between 80 and 100% of maximal heart rate, whilst SIE
comprises protocols applying a work intensity >100% of that
which elicits maximal oxygen uptake (VO2max) during the
high-intensity phases, i.e. a “supramaximal” exercise intensity
(Weston et al., 2014). However, this definition of SIE is somewhat
problematic, because exercise intensities just above those which
elicit VO2max would hardly meet the dictionary definition of
a sprint, that is “an act of cycling, running etc. at full speed,
typically for a limited period of time”. More importantly, the range
of exercise intensities possible within this definition of SIE is
substantial; for example, it would not be uncommon for even
inactive/unfit individuals to achieve power outputs 2–3.5 times
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higher than the power at VO2max during an “all-out” Wingate
style sprint on a cycle ergometer (Ruffino et al., 2017; Metcalfe
et al., 2020). For this reason, SIE protocols with such diverse
exercise intensities are unlikely to be directly comparable from
either a physiological or a psychological perspective. Therefore,
although we adopted the currently accepted definition of a
work intensity >100% of that which elicits VO2max (Weston
et al., 2014), the intensity of sprint efforts was extracted from
included articles in binary form (i.e., “all out” or “not all out”)
and controlled for within the statistical analysis. Protocols that
involved workloads less than or equal to 100% of VO2max
were excluded.

Eligible study designs including randomized cross-over
designs with one or more conditions, and intervention studies
where affective valence was captured during one or more training
sessions during the intervention. Studies that did not measure
core affective valence or used a measurement tool other than
the Feeling Scale, were excluded, as were studies which did not
time their measurement of affect to coincide with the end of
sprints, or where affect was only measured in the post-exercise
period, as these studies would introduce bias by not capturing
the most important (intense) portion of the SIE bout. Studies
conducted in healthy human adults (i.e., >18 years of age) were
eligible, with studies in children and adolescents, and in patient
populations, excluded.

Data Extraction
Two reviewers (NV, RM) extracted data independently using
a standardized spreadsheet and this was subsequently cross-
checked for accuracy. The information extracted from the
included publications included: study design, study setting, mean
participant characteristics, recruitment and retention, details of
SIE intervention (i.e., sprint intensity, sprint duration, number
of sprint repetitions, recovery duration, recovery intensity,
exercise mode, familiarization) and comparators (i.e., intensity,
duration, mode etc.), the timings of the affect measurements
during SIE, and information to assess the risk of bias. We
contacted the corresponding authors via email to request the
individual participant data from their study. We requested
all raw Feeling Scale data from each time point measured
during the SIE condition only. Email correspondence was also
used to clarify other data extracted (e.g., the exact timing of
affect measurements) where this information was unclear in the
publishedmanuscript. Individual participant characteristics were
not requested.

Risk of Bias Assessment
To assess the risk of bias of each included study, we employed the
Cochrane Collaboration’s risk of bias tool for randomized trials
(Higgins et al., 2011). Two reviewers (NV, RM) independently
made judgements about risk of bias (using high, low or unclear
ratings) for each included study. These were subsequently cross-
checked, and any discrepancies were resolved by discussion. The
risk of bias judgements were not used to include or exclude
studies from any of the planned analyses, but judgements are
presented in the results and were considered when drawing
overall conclusions from the analyses.

Data Synthesis
We performed a meta-analysis of the individual participant
data to determine the effect of sprint protocol characteristics
on affective valence. Our original intention was to convert
the affective valence scores during SIE into summary statistics
including: (i) the lowest recorded affect score during exercise;
and (ii) the change in affective valence (difference between the
“pre” and the “lowest” value). However, during the analysis, it
became clear that this approach was not optimal to answer the
primary research question. Briefly, this is because the design
of SIE sessions is such that protocols with longer sprints (e.g.,
30 s) typically include a smaller number of sprint repetitions,
whereas studies using shorter sprints (5–6 s) typically include a
much larger number of sprints. We did not identify examples
of protocols involving a small number of shorter sprints, or a
high number of longer sprints. Therefore, it was not possible to
differentiate the effects of different SIE protocol characteristics
in a meta-analysis/meta-regression using a single point summary
statistic such as change in affect or lowest reported affect.

To address this issue, and considering we had retrieved the
individual participant level data from each included study, we
adopted a one-stage individual participant data (IPD) meta-
analysis approach using a general linear mixed model. A visual
inspection of the data revealed that the affective responses during
SIE were linear for all studies when only the end of sprint
timepoints were considered (Figure 1) and, as such, this was
deemed to be the most appropriate statistical approach. Affective
valence was the dependent variable. The fixed effects in themodel
were sprint number (numeric linear), sprint duration (5–6 s,
15–20 s, 30 s), and their interaction. Covariates included in the
model were baseline affect (numeric linear), recovery duration
(numeric linear), mode of exercise (cycling vs. running), sprint
intensity (all out vs. not all out), and familiarization (yes vs.
no). The random effects were participant ID nested within the
study ID. Statistical analysis was performed in R (version 4.0.5,
R Foundation for Statistical Computing, Vienna, Austria). Alpha
was set at 0.05.

RESULTS

Study Selection
The database search revealed a total of 11957 titles; after removal
of n = 4321 duplicates, a total of n = 7,636 unique articles
were screened. N = 7,391 articles were excluded after the initial
screening of titles and abstracts, leaving n = 245 full text articles
for review. Of these full text articles, n = 223 were excluded
for the following reasons: does not meet definition of SIE (n
= 109), inappropriate outcome measure (n = 84), conference
abstract (n = 25) or wrong population (n = 5). Several other
studies (n = 9) that aimed to measure the affective response
during SIE using The Feeling Scale were excluded because of the
following reasons: the timing of the affect measurement was not
appropriate for our pre-planned meta-analysis [n = 4; (Follador
et al., 2018; Sperlich et al., 2018; Haines et al., 2020a,b)], the
prescribed exercise intensity of the sprints was unclear [n = 3;
(Evangelista et al., 2017; Hedlund et al., 2019; Marin et al., 2019)],
or because they presented a pooled analysis of published data
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FIGURE 1 | PRISMA flow diagram of the study selection process.

that was already included [n = 2; (Astorino and Vella, 2018;
Astorino and Sheard, 2019)]. Finally, one article reported the
results from three separate studies conducted in young healthy,
inactive individuals (n= 2; included) and middle-aged men with
type 2 diabetes (n= 1; excluded) (Songsorn et al., 2019). In total,
n = 13 publications incorporating n = 18 unique observations
were eligible and appropriate for meta-analysis [Figure 2; (Wood
et al., 2016; Townsend et al., 2017; Benítez-Flores et al., 2018;
Good and Dogra, 2018; Niven et al., 2018; Olney et al., 2018;
Bradley et al., 2019; Songsorn et al., 2019; Stork et al., 2019;
Astorino et al., 2020; Marques et al., 2020)]. We requested and
received full individual participant data for all the eligible studies.

Study Characteristics
A descriptive overview of the included studies is shown in
Table 1. The majority employed acute designs with either a single
SIE condition (Bradley et al., 2019; Astorino et al., 2020) or
multiple conditions performed in a randomized order (Wood
et al., 2016; Townsend et al., 2017; Benítez-Flores et al., 2018;
Good and Dogra, 2018; Niven et al., 2018; Olney et al., 2018;
Stork et al., 2018; Songsorn et al., 2019; Marques et al., 2020).
The studies including multiple conditions either compared SIT
to other exercise bouts (Wood et al., 2016; Good and Dogra,
2018; Niven et al., 2018; Olney et al., 2018; Stork et al.,

2018; Songsorn et al., 2019), compared various SIE protocol
permutations (Townsend et al., 2017; Benítez-Flores et al., 2018;
Marques et al., 2020), or investigated the effect of music on the
affective response to SIE (Stork et al., 2015, 2019). In studies
where the same participants completed different SIE protocol
permutations in a cross-over design, each of the conditions were
treated as an independent observation. However, in the studies
examining the effect of music on affective responses to SIE, only
data from the nomusic condition was included (Stork et al., 2015,
2019). One sub-study involved a 6-week training intervention,

with the affective response to the first of the most intense training

sessions (week 3; 2× 20-s all-out cycling sprints) included in the

meta-analysis (Songsorn et al., 2019).
The included studies involved a total of 316 participants (142

women and 174 men). Fourty three participants (12 women,
11 men) completed more than one of the unique SIE protocols
included in the meta-analysis (Townsend et al., 2017; Benítez-
Flores et al., 2018; Marques et al., 2020). Except for one study
where the inclusion criteria encompassed middle aged adults
and the mean BMI was in the overweight range (Astorino
et al., 2020), all of the studies were conducted in young, lean
adults with a mean age between 20 and 30 years and a mean
BMI within the healthy range (Stork et al., 2015, 2018, 2019;
Wood et al., 2016; Townsend et al., 2017; Benítez-Flores et al.,
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FIGURE 2 | Linear decrease in affective valence during SIE employing short [5–6 s; (A)], medium [15–20 s; (B)] or long [30-s; (C)] sprints.

2018; Good and Dogra, 2018; Niven et al., 2018; Olney et al.,
2018; Bradley et al., 2019; Songsorn et al., 2019; Marques
et al., 2020) (Table 1). Physical activity status was more varied:
several studies measured physical activity using the International
Physical Activity Questionnaire and included participants who
scored low (Stork et al., 2019;Marques et al., 2020), low/moderate
(Songsorn et al., 2019), moderate (Stork et al., 2015) or highly
active (Benítez-Flores et al., 2018). Other studies using more
general criteria described participants as low active (<2 h/week
of structured exercise) (Stork et al., 2018), recreationally active
(<3 sessions/week) (Townsend et al., 2017), active (>150 mins
of moderate-vigorous PA per week) (Good and Dogra, 2018),
recreationally/habitually active (no criteria) (Wood et al., 2016;
Olney et al., 2018), or active but not engaged in a formal training
programme (Niven et al., 2018). One study included participants
with either a below- or above-average VO2max relative to their
age (Astorino et al., 2020), whilst one study did not report activity
status but mean VO2max estimated using a submaximal test was
∼50–55 ml/kg/min (Bradley et al., 2019).

A range of different SIE protocols with varying numbers
and durations of sprints were employed (Table 1). The majority
(n = 13) of studies involved cycling (Stork et al., 2015, 2018,
2019; Wood et al., 2016; Benítez-Flores et al., 2018; Good and
Dogra, 2018; Niven et al., 2018; Olney et al., 2018; Bradley
et al., 2019; Songsorn et al., 2019; Astorino et al., 2020) with the
rest (n = 5) involving all-out running (Townsend et al., 2017;
Marques et al., 2020). The running exercise was performed on
a self-propelled treadmill (Townsend et al., 2017) or an outdoor
running track (Marques et al., 2020). The cycling was performed
all-out on a cycle ergometer: for the majority of studies this was
performed against a fixed resistance (5–7.5% body mass) similar
to a Wingate sprint (Stork et al., 2015, 2018, 2019; Benítez-Flores
et al., 2018; Good and Dogra, 2018; Niven et al., 2018; Bradley
et al., 2019; Songsorn et al., 2019; Astorino et al., 2020), however,
for two studies the sprints were performed against a resistance
of either 130% (Wood et al., 2016) or 140% (Olney et al., 2018)
of the power at VO2max. A mixture of active (Wood et al.,
2016; Benítez-Flores et al., 2018; Good and Dogra, 2018; Olney
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TABLE 1 | Descriptive overview of studies investigating affective responses to SIE using the feeling scale.

Reference Study design Sample size

and sex

Population characteristics (mean ± SD) Familiarization Sprint interval training protocol Timing of

affect

measurement

Age (y) BMI Activity status VO2max Mode Intensity Repetitions Duration Recovery

(kg/m2) (ml/kg/min) (n) (s) (s)

Songsorn et al.,

2019

Acute randomized

cross over

8 (7 men) 21 ± 1 25 ± 2 Low / Moderately

Active (IPAQ)

39 ± 10 Yes Cycling All-out 2 20 220 Post every

sprint

Songsorn et al.,

2019

Training study 19 (10 men) 25 ± 6 24 ± 4 Low / Moderately

Active (IPAQ)

34 ± 8 Yes Cycling All-out 2 20 220 Post every

sprint

Astorino et al.,

2020

Acute study with

one condition in

adults with below

(n = 43) or above

(n = 42) average

fitness

85 (44 men) 24 ± 7 / 23 ± 4 23 ± 2 / 26 ± 4 Mixed 41 ± 6 / 33 ± 5 No Cycling All-out 2 20 180 Post every

sprint

Olney et al., 2018 Acute randomized

cross over

19 (10 men) 24 ± 3 23 ± 4 Habitually Active 40 ± 6 No Cycling 140%

Wmax

6 20 140 Post sprint 3

and 6

Wood et al., 2016 Acute randomized

cross over

12 (8 men) 24 ± 6 24.0 Recreationally

Active

41 ± 4 No Cycling 130%

Wmax

8 30 90 Post sprint

2,4,6 and 8

Bradley et al.,

2019

Acute study with

one condition

36 (12 men) 22 ± 2 / 20 ± 2 24 Mixed 49 ± 4 / 55 ± 2 Yes Cycling All-out 10 6 60 Post sprint

2,4,6,8,10

Niven et al., 2018 Acute randomized

cross over

12 (12 men) 25 ± 7 24 Active 48 ± 7 No Cycling All-out 10 6 60 Post sprint

2,4,6,8, 10

Townsend et al.,

2017

Acute randomized

cross over

9 (9 men) 23 ± 3 23 ± 4 Recreationally

active (<3

sessions/week)

40 ± 6 Yes Running All-out 4 30 240 Post every

sprint

Townsend et al.,

2017

Acute randomized

cross over

9 (9 men) 23 ± 3 23 ± 4 Recreationally

active (<3

sessions/week)

40 ± 6 Yes Running All-out 8 15 120 Post sprint

2,4,5,8

Townsend et al.,

2017

Acute randomized

cross over

9 (9 men) 23 ± 3 23 ± 4 Recreationally

active (<3

sessions/week)

40 ± 6 Yes Running All-out 24 5 40 Post sprint

6,12,18,24

Stork et al., 2015 Acute randomized

cross over

20 (10 men) 23 ± 4 - Moderately active

(IPAQ)

- Yes Cycling All-out 4 30 240 Post every

sprint

Stork et al., 2018 Acute randomized

cross over

30 (12 men) 21 ± 4 22 ± 3 Low active (<2

h/week of

structured

exercise)

31 ± 6 No Cycling All-out 3 20 120 Post every

sprint

Stork et al., 2019 Acute randomized

cross over

24 (12 men) 24 ± 5 23 ± 3 Low active (IPAQ) 39 ± 9 Yes Cycling All-out 3 20 120 Post every

sprint

(Continued)
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TABLE 2 | Effect of SIE protocol permutations on changes in affective valence

during SIE.

Estimates 95% CIs p-value

30 s sprints (reference) −0.84 −0.93 – −0.74 7.248e−73

Interactions (estimates per sprint)

15–20 s sprints −0.18 −0.31 – −0.05 0.006

5–6 s sprints 0.64 0.55–0.74 4.257e−42

Baseline affect [per 1 unit

increase]

−0.09 −0.10 – −0.08 3.564e−66

Recovery duration [per 60 sec

increase]

0.01 −0.05–0.07 0.467

Mode [running vs. cycling] 0.06 0.02–0.11 0.009

Intensity [not all out vs. all out] 0.18 0.04–0.32 0.009

Familiarization [not familiarized

vs. familiarized]

0.06 0.02–0.10 0.002

Main effects

15–20 s sprints 0.34 −1.21–1.89 0.668

5–6 s sprints 0.61 −2.21–3.43 0.673

Baseline affect [per 1 unit

increase]

0.40 0.29–0.50 1.476e−14

Recovery duration [per 60 sec

increase]

0.18 −0.60–0.90 0.656

Mode [running vs. cycling] 0.32 −0.84–1.48 0.587

Intensity [not all out vs. all out] 1.19 −0.88–3.27 0.259

Familiarization [not familiarized

vs. familiarized]

0.71 −0.33–1.75 0.183

et al., 2018; Songsorn et al., 2019; Stork et al., 2019; Astorino
et al., 2020; Marques et al., 2020) and passive (Stork et al., 2015,
2018; Townsend et al., 2017; Niven et al., 2018; Bradley et al.,
2019) recovery was employed. Similarly, several studies provided
participants with some familiarization with SIE prior to the main
experiment (Stork et al., 2015, 2019; Townsend et al., 2017;
Benítez-Flores et al., 2018; Bradley et al., 2019; Songsorn et al.,
2019) whilst others did not (Wood et al., 2016; Good and Dogra,
2018; Niven et al., 2018; Olney et al., 2018; Stork et al., 2018;
Astorino et al., 2020; Marques et al., 2020).

Meta-Analysis
Visual inspection of the mean changes in affect during exercise
for each observation revealed the decrease in affect with
increasing sprint repetitions to be linear (Figure 2). The pooled
estimate for the overall effect of sprint number in the linearmodel
when sprint duration was held at the mean value (15.7 s) was
−0.54 (95% CI:−0.51 to−0.58) units per additional sprint.

The magnitude of the decrease in affect per additional
sprint was different when stratified by different sprint durations
(Table 2 and Figure 3). For each additional sprint, affect
decreased by 0.84 (95% CI: 0.74–0.93) units for 30 s sprints, by
1.02 (95% CI: 0.93–1.10) units for 15–20 s sprints, and by 0.20
(95% CI: 0.18–0.22) units for 5–6 s sprints. Compared to 5–6 s
sprints this difference was significant for 30 s (−0.64 units per
sprint, 95% CI: −0.52 to −0.76, p < 0.0001, d = −0.41) and 15–
20 s (−0.82 units per sprint, 95% CI:−0.71 to−0.93, p < 0.0001,
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FIGURE 3 | Meta-analysis of the decrease in affective valance during SIE using different sprint durations. The solid line represents the point estimate, whilst the

shaded area represents the Bonferroni corrected 95% confidence limits. The purple line and shading are for 5–6 s sprints, the red line and shading are for 15–20 s

sprints, and the green line and shading are for 30 s sprints.

d =−0.53). There was also a significantly steeper decline for 15–
20 s sprints compared to 30 s sprints (−0.18 units per sprint, 95%
CI:−0.33 to−0.02, p= 0.02) but the effect size for this difference
was trivial (d =−0.12).

The slope of the decrease in affect during SIE was also
significantly altered by baseline affect, mode, intensity, and
familiarization (Table 2). The decrease in affect per sprint was
greater when baseline affect was higher (−0.09 units per sprint
per 1 unit increase in baseline affect, 95% CI: −0.10 to −0.08, p
< 0.001), but smaller for running compared to cycling protocols
(0.06 units per sprint, 95% CI: 0.02 to 0.11, p= 0.009), for “not all
out” sprints compared to “all-out” sprints (0.18 units per sprint,
95% CI: 0.04 to 0.32, p = 0.009), and in studies that did not
familiarize participants with SIE compared with those that did
(0.06 units per sprint, 95% CI: 0.02 to 0.10, p = 0.002; Table 2).
However, the effect sizes for these effects were all trivial (d=0.03
to 0.12). The effect of recovery duration was non-significant
(Table 2).

All main effects within the model were non-significant, with
the exception of baseline affect, where affect was 0.40 units higher
throughout SIE for every 1-unit increase in baseline affect (95%
CI: 0.29–0.50, p < 0.001, Table 2).

Risk of Bias
The risk of bias for all studies is summarized in Figure 4.
The risk of selection bias attributable to randomization was
low for all studies, either because they were cross-over studies,
appropriately randomized, or were studies with a single
experimental condition. The risk of selection bias due to
allocation concealment was scored as unclear for all studies

except those with a single experimental condition. Studies were
all scored low risk of bias based on incomplete outcome data,
whilst they were all scored unclear for selective reporting because
we couldn’t find evidence that any of the studies were pre-
registered.

DISCUSSION

The present systematic review and meta-analysis of pooled
individual participant data aimed to establish the effect of
modifiable protocol parameters on the change in core affective
valence during SIE. We show that the primary driver of the
change in affect during SIE is the number of sprint repetitions,
with affect decreasing progressively and proportionally with each
additional sprint repetition that is included in a SIE protocol.
However, our findings also demonstrate that sprint duration is
a key modifier of this relationship, with a more pronounced
decline in affective valence (per sprint) observed for 15–20 and
30 second sprints compared with shorter 5–6 second sprints.
Although other protocol parameters also had a significant impact
on the decrease in affective valence during SIE, the magnitude of
the effects were trivial.

The affective response to acute exercise is thought to
be an important predictor of exercise behavior (Ekkekakis
and Dafermos, 2012; Rhodes and Kates, 2015; Brand and
Ekkekakis, 2018) and the role of SIE as an exercise modality
for improving health has been criticized, in part, because
SIE is hypothesized to result in negative affective responses
(Hardcastle et al., 2014; Biddle and Batterham, 2015). In that
context, our findings are important because they demonstrate
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FIGURE 4 | Risk of bias for the included studies.

that not all SIE protocols are the same and the affective
response varies depending on SIE protocol design. In turn,
our data can be used to determine which SIE protocols will
minimize the decline in affective valence during exercise and,
therefore, which may be the best SIE protocols to opt for when
trying to promote longer term uptake and adherence to SIE in
real-world settings.

One of the main aims of SIE protocols is generally to
provide a time-efficient alternative to both MICE and HIIE for
improving health (Vollaard and Metcalfe, 2017). As lowering
the number of sprint repetitions is one of the most effective
ways to reduce overall training time-commitment, the number of
sprint repetitions is a key consideration in SIE protocol design
(Vollaard and Metcalfe, 2017). The present data demonstrate
that as well as reducing time-commitment, an additional benefit
of reducing the number of sprint repetitions will be a smaller
in-task decrease in core affective valence. Based on the mean
baseline affect of 3.2 units for all individuals included in this
meta-analysis, two longer (15–30 s) sprints or up to ten shorter
(5–6 s) sprints will reduce affective valence to ∼1 unit on the
Feeling Scale. Thus, although SIE will lead to reduced valence,
our analysis shows that negative valence could be avoided
with SIE protocols with a total time commitment of up to
∼10min per session (Niven et al., 2018; Bradley et al., 2019;
Songsorn et al., 2019; Astorino et al., 2020). This is important,
as there is an accumulating body of evidence demonstrating
that these SIE protocols are still associated with meaningful
improvements in cardiorespiratory fitness as well as other
markers of cardiometabolic health (Metcalfe et al., 2012; Vollaard
et al., 2017; Adamson et al., 2019, 2020). Overall, this meta-
analysis provides further evidence that SIE protocols should
employ a minimal number of sprint repetitions, as this (1)
improves time-efficiency, (2) attenuates the decrease in affective
valence, and (3) does not appear to impact health related
adaptations to training. Future studies should establish the most
time-efficient protocols that are still associated with meaningful
health benefits.

In addition to the number of sprint repetitions, our analysis
demonstrates that sprint duration is another important factor
when considering changes in affect with SIE. For a given
number of sprint repetitions, affective valence is always more

positive following 5–6-s sprints compared to 15–30-s sprints.
This difference increases in magnitude when the number of
sprint repetitions increases. However, when considering the
practical implications of this finding, it is important to note that
there is evidence that reducing sprint duration attenuates the
improvements in cardiorespiratory fitness when the number of
sprint repetitions is low (Nalçakan et al., 2018). As a result, a
greater number of repetitions may be required when applying
sprints of shorter duration and it may be more appropriate to
consider the effect of sprint duration on affective valence when
matched for total sprint volume. Our meta-analysis suggest that
4–5 shorter (5–6 s) sprints result in a similar decrease in affective
valence compared with 1 longer (20–30 s) sprint (∼1 unit on the
Feeling Scale). Based on these estimates, overall reductions in
affective valence are likely to be broadly similar between shorter
and longer sprints if total sprint volume is matched. However, it
is worth noting that some studies that have made direct within-
subject comparisons of different sprint durations when matched
for sprint volume [two of which could not be included in the
current meta-analysis due to the timing of affect measurements
(Haines et al., 2020a,b)] have found more positive affective
valence with shorter compared with longer sprints (Townsend
et al., 2017; Haines et al., 2020a,b). In addition, there is some
evidence that participants report a preference for and greater
intentions to engage in SIE protocols involving shorter compared
with longer sprint durations (Townsend et al., 2017; Metcalfe
et al., 2020). Together, the currently available evidence suggests
that decreasing the sprint duration in an SIE protocol may result
in more positive affective responses, but care should be taken
to avoid potential reductions in the efficacy to improve key
health biomarkers.

We also found that the slope of the decrease in affect
during SIE was less steep for running compared with cycling
protocols, and when sprint intensity was not all-out compared
to all-out. In both instances, this is likely to be explained
by lower power output during the sprints. However, the
magnitude of the effect of these parameters was small and
therefore their real-world practical relevance is unclear. In
addition, the number of studies examining these protocol
variations was low, meaning the analysis may have been
underpowered, and therefore some caution is warranted when
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interpreting these results. Interestingly, we also found no effect
of recovery duration on the affective response to SIE when
controlling for sprint duration. This contrasts with what might
be expected; intuitively, longer recovery durations would be
expected to attenuate the decrease in affective valence, whilst
shorter recovery durations would be expected to result in a
more pronounced decrease. The lack of impact of recovery
duration in our analysis may be explained by the lack of
variation in recovery durations between studies that had used
similar sprint durations, e.g., studies using 30-s sprints tended
to use recovery durations lasting ∼240 s (Table 1). Overall,
this systematic review has revealed an opportunity for future
studies to examine the effect of different exercise modes, sprint
intensities and recovery durations on the affective response to
SIE. Considering the clear, large effect of sprint number and
sprint duration on the affective response, we would particularly
encourage researchers to study the effect of these protocol
parameters within SIE protocols utilizing a small number of
longer sprints, or a larger number of shorter sprints (i.e., SIE
protocols where affective response are likely to remain positive
on average).

It is important to point out that all but one of the studies
included in this review were conducted in young (mean age
between 20 and 30 years) populations, free from chronic disease,
and with a healthy weight status (mean BMI <25 kg/m2).
Furthermore, although a number of studies were conducted
with participants not meeting current exercise guidelines
(i.e., insufficiently active), several were conducted in active
populations. This can be considered a strength because it means
that differences in the affective response between studies can be
ascribed to the SIE protocols rather than differences between
the study populations. However, it is also a limitation, because
it means that our findings cannot necessarily be translated
beyond these populations. Therefore, an important finding of
this systematic review is the need for future work to illustrate
the effect of different participant characteristics on the affective
responses to SIE. Whilst we would anticipate that the overall
effect of the different SIE protocol permutations identified
in this meta-analysis are likely to be similar across different
populations, it can be speculated that the magnitude of the
decrease in affective valence (per sprint) may be greater in
less fit, overweight/obese populations or in those living with
chronic disease associated poorer exercise tolerance (e.g. type
2 diabetes). However, this is not a foregone conclusion as
previous research has reported mixed findings of participant
characteristics on the affective response to SIE (Saanijoki et al.,
2018; Astorino et al., 2020). Specifically, whilst Saanijoki et al.
(2018) reported more negative affective responses to SIE (4 ×

30 s all-out sprints) in middle aged people with insulin resistance
compared to healthy middled aged individuals, Astorino et al.
(2020) found no difference in the affective response to SIE (2
× 20 s all-out sprints) between people with below compared
to above average levels of cardiorespiratory fitness. Thus, there
is a need for future studies to assess the effect of participant
characteristics on changes in affective valence with SIT. This
would help establish the suitability of specific SIT protocols for
different populations.

PERSPECTIVES AND CONCLUSIONS

The majority of SIE research to date has focused on studying
the efficacy of SIE to improve health and fitness. This has led
to a large body of evidence supporting that, within the wide
variety of studied SIE protocols, most appear to have at least some
positive effects on key health biomarkers (Vollaard and Metcalfe,
2017; Vollaard et al., 2017). However, in order to significantly
impact public health, a meaningful proportion of individuals
need to be willing to adopt and adhere to SIE in real-world
environments. As the affective response to exercise is thought
to be a potentially important predictor of exercise adherence
(Ekkekakis and Dafermos, 2012; Brand and Ekkekakis, 2018),
the present meta-analysis takes an important step forward in
assessing which SIE interventions are most likely to be associated
with positive valence, and therefore may lead to higher levels
of adherence.

Although our findings demonstrate that affective valence
does decrease during SIE, the extent to which it decreases
and whether a person is likely to experience negative valence
(i.e. displeasure) varies between different SIE protocols, and is
particularly dependent on the interaction between the number
and duration of sprint efforts. Our data indicate that positive
valence can bemaintained during SIE by using up to 2 repetitions
of longer sprint durations [15–30 s; termed “reduced-exertion
high-intensity interval training” (REHIT) (Metcalfe et al., 2012,
2015, 2016; Ruffino et al., 2017; Nalçakan et al., 2018; Thomas
et al., 2020)] or by using multiple sprints of shorter duration [5–
6 s; (Niven et al., 2018; Bradley et al., 2019)]. Each of these SIE
protocol variants has evidence for their efficacy at improving key
health markers (Metcalfe et al., 2012, 2016; Adamson et al., 2014,
2019, 2020; Ruffino et al., 2017; Vollaard et al., 2017; Nalçakan
et al., 2018; Thomas et al., 2020), whilst recent pilot work has
shown that REHIT may be feasible and effective in a ‘real-world’
workplace setting in the short term (Metcalfe et al., 2020). There
remains a need for future research to assess the longer-term
effectiveness of SIE (and HIIE) for improving health. However,
our current data add further weight to the suggestion that these
studies should focus on SIE protocols that utilize minimal sprint
durations and repetitions (Vollaard and Metcalfe, 2017), as this
appears to be one of the best strategies to identify acceptable,
time-efficient exercise interventions for improving health.
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