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Sprint interval training (SIT) is characterized by intensity of “all-out” effort and superior
time-efficiency compared to traditional moderate-intensity continuous training (MICT)
and has been proposed as one viable solution to address the commonly reported
barrier of lack of time for physical activity. While substantial physiological benefits of
participation in SIT have been well-documented, the psychological responses to SIT
are less clear. No systematic review has been conducted thus far to respond to the
assumption that its supramaximal intensity will induce adverse feelings. Therefore, the
aim of the present study was to synthesize studies analyzing affective and enjoyment
responses to SIT and to compare the responses to SIT with MICT and other high
intensity interval training (HIIT) protocols with lower intensities. After searching relevant
databases up until 22nd March 2021, twenty-five studies meeting the inclusion criteria
were included in the present review. Random effect meta-analysis using the pooled
data demonstrated that SIT induced similar post-exercise affective valences during the
training compared to MICT and HIIT, but lower affective valences immediately post-
exercise compared to MICT. Moreover, affective responses during SIT decreased to
negative valences according to the results from most included studies, while low-volume
SIT protocols with shorter sprint duration and repetitions induced more positive affective
responses. Level of enjoyment after SIT were positive and were comparable to MICT
or HIIT. Overall, the results from the existing literature indicate that SIT might cause
unpleasant feelings during the training and be perceived less pleasurable than MICT
immediately post training but could be a comparably enjoyable modality for healthy
individuals in relation to MICT or HIIT, despite its supramaximal intensity. Low-volume SIT
may be a realistic option for individuals seeking a time-efficient workout with comparable
affective responses to MICT or HIIT.
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INTRODUCTION

Regular participation in physical activity has been recommended
as an essential means to achieve and maintain good health
status. Sedentary behavior is linked to several deleterious health
consequences including increased metabolic risk, vascular defects
and decreased bone mineral content (Tremblay et al., 2010).
However, there are still a tremendous number of individuals
worldwide who remain inactive and fail to meet physical activity
guidelines written by WHO or national departments (Sallis et al.,
2016; Guthold et al, 2018). Current literature suggests that
perceived lack of time remains the most frequently reported
barrier to participating in physical activity regularly (Trost et al.,
2002; Pagnan et al., 2017). High-intensity interval training (HIIT)
has been promoted consistently in the literature, in part because
of its time-efficiency, but mainly due to its comparable effects
on improving health and fitness compared with traditional
cardiovascular training (i.e., moderate intensity continuous
exercise, MICT) (Biddle and Batterham, 2015; Milanovic¢ et al.,
2015; Batacan et al., 2017). HIIT is characterized by repeated
short high-intensity bouts separated with either active or inactive
recovery periods. More recently, sprint interval training (SIT)
has generated great interest and popularity, as SIT further
enhances the time-efficiency of HIIT by shortening the interval
duration with higher intensity “all-out” sprints (i.e., <30 s in
duration) compared with HIIT while maintaining the beneficial
physiological adaptations (Buchheit and Laursen, 2013). Several
systematic reviews and meta-analyses have demonstrated the
potential advantages of participating in SIT for improving
physical health such as cardiorespiratory fitness (Gist et al.,
2014; Vollaard et al., 2017; Wen et al., 2019), body composition
(Keating et al., 2017) and metabolic adaptions (Kessler et al.,
2012; Jelleyman et al., 2015) with much less time investment
compared with MICT and HIIT.

Although previous studies have reported similar or greater
improvements in health status after engaging in SIT compared
with more traditional training methods such as MICT (Kessler
et al, 2012; Gist et al,, 2014; Weston et al.,, 2014; Jelleyman
et al., 2015; Keating et al., 2017; Way et al., 2019), many have
been skeptical on the practicality of both HIIT and SIT for
the general population. Critics argue that the complexity and
strenuous nature of HIIT or SIT could require a high level of
motivation, self-regulation, and self-efficacy (Hardcastle et al.,
2014). Moreover, supramaximal intensity in SIT has been feared
to potentially lead to adverse affective responses, consequently
discouraging future exercise adherence (Haile et al, 2016),
especially when SIT is performed by inactive individuals with
low fitness levels and limited exercise experiences. In response to
critiques to HIIT, several meta-analyses and systematic reviews
have been conducted to generalize findings of psychological
responses to HIIT and answer the doubts of implementing HIIT
protocols (Stork et al., 2017; Oliveira et al., 2018; Niven et al.,
2020). The results in the reviews indicated that acute enjoyment
responses to HIIT is similar or greater compared to MICT
protocols, yet there could be more aversive affective valences to
HIIT compared to MICT. The differences between measuring
focuses of enjoyment (i.e., affective judgments involving cognitive

processing) and core affect (i.e., immediate feelings of pleasure or
unpleasure) (Stevens et al., 2020) might explain the discrepant
findings regarding enjoyment and affect valences in HIIT.
However, to the best of our knowledge, none of previous
analyses have focused exclusively on SIT protocols and explored
both long-term and acute responses to SIT. Considerations
of distinguishing SIT with all-out efforts from other HIIT
protocols with near maximal efforts could be important, as
SIT could induce larger neuromuscular load and dependence
on anaerobic metabolism (Buchheit and Laursen, 2013), which
may lead to different physiological and psychological responses
in SIT compared to lower intensity HIIT (Hall et al., 2002).
In fact, the debate of public implications of HIIT seems to
be more intense when referring to SIT with “all-out” efforts
above the ventilatory threshold (Hardcastle et al., 2014) which
theoretically could trigger negative feelings during exercise
according to the dual-mode theory (Ekkekakis, 2003). Moreover,
effects of long-term SIT interventions on affective responses
would be worth of analyzing considering that meaningful
physiological improvements (e.g., cardiorespiratory fitness) take
time to generate.

Given that the beneficial effects of SIT protocols on health
parameters, but the psychological responses to SIT are still under
debate, the present systematic review aimed to locate all related
SIT studies in the literature and to comprehensively evaluate the
affective and enjoyment responses to SIT in healthy populations
with respect to MICT and other HIIT protocols. Affective
responses (AR) (e.g., enjoyment, affect) were primary constructs
under investigation, as AR have been frequently analyzed and
suggested to be associated with future exercise behaviors in
the current literature (Rhodes and Kates, 2015; Brand and
Ekkekakis, 2018). Cognitive parameters which might affect AR,
such as self-efficacy, self-reported tolerance and preference of
exercise were secondary variables of interest. Given considerable
differences and inconsistency in SIT protocol designs (ie.,
varying interval and recovery durations, ratios of interval to
recovery lengths, number of the sprint bouts and total exercise
time) in the included studies, a high heterogeneity in the meta-
analysis was anticipated as reported in previous meta-analyses
(i.e., the between-study variance (13) ranged from 75 to 95%)
(Oliveira et al., 2018; Niven et al., 2020), which could limit
the validity of the analysis. Therefore, the present study aimed
to distinguish the variations between SIT protocol designs and
narratively synthesize the correspondent AR, psychological, and
behavioral responses.

METHODS

The current study was undertaken in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines and was registered with the
PROSPERO database (CRD42021284898). For the purpose of
identifying all studies that have examined AR responses (e.g.,
affect, enjoyment) to SIT protocols, the following electronic
databases were searched: Web of Science, PubMed, Scopus,
ScienceDirect, NCBI, Cochrane, Medline. Search strategy were
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adapted for each database using combinations of independent
and dependent variable keywords to identify relevant available
studies published until 22th March 2021. Combinations of the
following keywords were used with “all fields™ “sprint interval
training” OR “all-out” OR “sprint,” OR “SIT” AND “perception”
OR “enjoyment” OR “enjoy*” OR “pleasure” OR “affect” OR
“affective responses” OR “exercise induced feeling state” OR
“subjective exercise experience” OR “pleasant feeling state.”
Reference lists in recent reviews and meta-analyses were also
searched to find relevant studies.

Eligibility Criteria

The following inclusion criteria was applied for selection of
studies: (1) published in English; (2) analyzed healthy human
participants older than 18 years old who could be of both
sexes, physically active or sedentary, with normal weight or
excess weight including overweight and obese subjects with no
pre-existing health conditions; (3) included SIT protocols are
characterized with work intervals with supramaximal intensity
or “all-out” efforts in either short (<10 s) or long (10-
30 s) intervals and performed either in the laboratory or
unsupervised condition in any training modality. (4) With
comparison groups of MICT and/or HIIT and/or SIT protocols
with different designs or same SIT protocols applied in
varied subjects (e.g., subjects with low fitness level vs. high
fitness level). (5) Reported acute or long-term psychological
responses with primary outcomes of affect measured by the
Feeling Scale (FS) (Hardy and Rejeski, 1989) and/or enjoyment
measured by the Physical Activity Enjoyment Scale (PACES)
(Kendzierski and DeCarlo, 1991) or the Exercise Enjoyment
Scale (EES) (Stanley and Cumming, 2010) with or without
other psychological outcomes such as arousal measured by the
Felt of Arousal Scale (FAS) (Svebak and Murgatroyd, 1985),

preference and self-efficacy and intentions to SIT protocols;
(6) randomized or non-randomized controlled experimental
trials using between-subject or within-subject design and having
gone through scientific peer-review. Studies that applied SIT
protocols in conjunction with other interventions (e.g., dietary
interventions) were excluded for the purpose of the current
study. Importantly, HIIT protocols in the current review were
classified as interval training protocols with near maximal
intensity intervals (e.g., elicits 90% VOgy4y) lasting longer
than 30 s (Keating et al., 2017; Maclnnis and Gibala, 2017),
while MICT protocols were defined as continuous exercise
at a moderate intensity (46- 64% VOzuax/HRyax or 40%-
60% HR reserve/VO, reserve according to ASCM guidelines
(Pescatello et al., 2014).

Studies Selection and Data Extraction

All eligible studies were recorded using an electronic data
extraction form. Studies after duplicates removed were screened
by titles, followed by abstract screening in order to further
exclude studies that did not meet the inclusion criteria.
Full texts were screened to make the final decision of
inclusion when studies were eligible after title and abstract
screening (Figure 1). The extracted data from the final
eligible studies included characteristics of participants, study
design, study measurements, study results (i.e., means and
standard deviations for each experimental group), and analyses.
Authors of the included studies were contacted if no direct
data available.

Risk of Bias

Cochrane Risk of Bias tool (Higgins et al., 2011) was used to assess
risk of bias in included studies (Figure 2). Risk of bias for blinding
of participants and personnel or blinding of outcome assessment
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FIGURE 1 | Flow diagram of screening and selection of articles for review.
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FIGURE 2 | Individual study of risk of bias assessment.

were not included for the assessment as the studies in the current
review could not possibly meet these criteria due to the nature
of study protocols. A visual analysis of the created funnel plot
was performed to identify publication bias based on evidence
of asymmetry. Heterogeneity was calculated using 1> tests with

interpretation of high (I* = 75%), moderate (I> = 50%) and low
(I < 25%) heterogeneity (Higgins et al., 2019).

Analysis

Affective responses were analyzed through the Feeling Scale (FS)
and the Felt of Arousal Scale (FAS), while enjoyment responses
were analyzed through the Physical Activity Enjoyment Scale
(PACES) and the Exercise Enjoyment Scale (EES). Both the FS
and the FAS are single item scale with a 11-point item ranging
from —5 (very bad) to + 5 (very good) or a 6-point item scale
demonstrating low activation (1 point) to high activation (6
points), respectively. The FS scores demonstrated core affective
responses to exercise using simple judgment of good or bad.
When combining with the FAS scores with the FS scores, specific
affective state could be captured through circumplex model of
affect. Specifically, high arousal and positive affect indicates a
sense of energy, while low arousal and positive affect indicates a
sense of calmness. Negative affect with either low arousal or high
arousal indicates depression or distress, respectively. The EES is a
single item, 7-point scale indicating an overall feeling of enjoying
or not enjoying, which mostly used during acute exercise bout
due to its simplicity. The PACES questionnaire is a 7-point 18-
item bipolar scale (11 items are scored reversely) with scores
ranging from 18 to 126, in which respondents recall the feelings
and enjoyment level toward the exercise they have done.

Meta-analyses were conducted using the Review Manager 5
(version RevMan 5.4). We compared post enjoyment responses
with data extracted from the PACES and in-task and post affect
valences with data extracted from the FS between MICT and
SIT, HIIT and SIT. Comparisons were made in the lowest
scores of affect valences, affect valences immediately postexercise
(labeled as “end-exercise” in Figures 3, 4), as these two variables
has been suggested as the most meaningful parameters of
affective responses (Stork et al., 2018). Moreover, FS scores post
exercise > 5 min (labeled as “post+” in the figures) following
completion of exercises were also compared considering the
rebound effects. Given the methodology differences in the
included studies, the generic inverse-variance method with a
random effects model was implemented to estimate the effect
sizes (ESs) and their 95% confidence intervals (95% CI) through
mean difference and standard error. Sensitivity analyses were
performed to examine if the results were largely impacted by a
single study with large weight.

Included studies were categorized into four groups based
on the protocol designs: (1) classic SIT with 4-6 repetitions
of 30-s sprints with 4-min active or passive recovery periods
(Burgomaster et al., 2006; Gibala et al., 2006); (2) REHIT
(reduced-exertion high intensity interval training) with 2-3
repetitions of 20 s sprints interspersed with 2-4 min active
or passive recovery periods (Astorino et al., 2020); (3) RST
(repeated-sprint training) with > 10 repetitions of < 10-s sprints
interspersed with < 60-s active or passive recovery (Marques
et al., 2020); (4) Tabata SIT with 7-8 repetitions of 20-s sprints
interspersed with 10-s active or passive recovery periods (Tabata,
2019). It should be mentioned that the terminologies used in the
categorization was not strictly consistent with the original SIT
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FIGURE 3 | Random effects meta-analyses for the influence of sprint interval training (SIT) vs. moderate-intensity continuous training (MICT) on affect.
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FIGURE 4 | Random effects meta-analyses for the influence of sprint interval training (SIT) vs. high-intensity interval training (HIIT) on affect.
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designs. For example, some studies that made small modifications
(i.e., 8 repetitions of 30-s sprints instead of the original 4
repetitions or 6 repetitions of 20-s sprints instead of the original
30-s) to the original prescriptions of classic SIT would still
be categorized into classic SIT group but termed as “modified
classic SIT” based on similarities on total interval duration, rest
duration, and the number of interval repetitions. Moreover, RST
which often used as an effective training method in athletes is
characterized with sprints lasting from 3 to 7 s according to
previous studies (Buchheit and Laursen, 2013; Marques et al.,
2020), yet the categorization in the present study included SIT
protocol with < 10-s sprints. Range of all reported scores, peak
negative responses, change scores and corresponded SIT protocol
design would be one of the interests of the narrative analysis.
Moreover, changes in long-term psychological responses to SIT
would be narratively analyzed if data available.

RESULTS

A total of 2,542 studies were identified from the database
after initial search. After de-duplication and title and abstract
screening, 60 studies were retrieved and screened by full-text,
and 25 studies were included in the current review (Tritter et al.,
2013; Sim et al., 2014; Foster et al., 2015; Stork et al., 2015, 2018,
2019; Kong et al., 2016; Wood et al., 2016; Rowley et al., 2017;
Townsend et al., 2017; Follador et al., 2018; Kriel et al., 2018, 2019;
McKie et al., 2018; Niven et al., 2018; Olney et al., 2018; Astorino
et al,, 2019, 2020; Bradley et al., 2019; Marin et al., 2019; Wilke
et al., 2019; Marques et al., 2020; Metcalfe et al., 2020; Schaun
and Alberton, 2020; Songsorn et al., 2020; Hu et al., 2021). A flow
chart presented the Figure 1 demonstrated the completed steps
of selections of the included studies.

Study Characteristics

Details of the characteristics of the included studies are
summarized in Table 1. A total of 675 healthy adult individuals
(337 men and 338 women) participated in the included
experiments. Most of the studies (i.e., 20 out of 25 studies)
recruited young participants below 30 years old. Close to half of
the studies (i.e., 11 out of 25 studies) involved active participants
with high cardiorespiratory fitness level indicated by above
average VOyqy ranging from 40-55 ml kg~! min~!. Three
studies analyzed affective responses from overweight females
(Rowley et al., 2017; Astorino et al, 2019) and males (Sim
et al., 2014) and one study from women with excess weight (Hu
et al.,, 2021), whereas all the other studies focused on normal
weight participants.

Regarding the study design (see Supplementary Table 1), half
of the studies (# = 13) used a randomized cross-over study design,
while the remaining studies incorporated a randomized between-
participants study design. More than half of the included studies
(n = 17) reported acute responses to SIT. Other eight studies
implemented intervention lasting 4-12 week (4-week, n = 1; 6-
week, n = 3; 8-week, n = 1; 12-week, n = 2; 16-week, n = 1). Most
studies (n = 23) conducted experiments in the laboratory. Three
studies involved outdoor exercise under supervision (Wilke et al.,

2019; Marques et al., 2020; Schaun and Alberton, 2020). Only
two out of 25 studies analyzed unsupervised SIT intervention
(Astorino et al, 2019; Metcalfe et al, 2020) and one study
reported 4-week follow-up exercise behavior in unsupervised
condition (Stork et al., 2018).

Regarding the SIT protocols selected by the included studies,
more than half of the studies (n = 13) included a classic Wingate
SIT protocol with four sets of 30-s all-out sprints. Three studies
analyzed REHIT with shortened 20-s all-out sprints compared
to classic SIT. Four studies incorporated Tabata SIT, while seven
studies analyzed RST. Total sprint duration varied in the included
SIT protocols, which ranged from 20-s to 10-min. Total training
durations (including recovery intervals) in most of the SIT
protocols adopted in the included study (i.e., 22 out of 25) were
less than 20-min, which were significantly shorter than most of
the studies compared MICT (i.e., 30-65 min) (9 out 11 studies) or
HIIT protocols (i.e., 20-60 min) (8 out 10 studies). Most studies
used cycling (n = 18) or running (n = 8) (Hardy and Rejeski, 1989;
Foster et al., 2015; Rhodes and Kates, 2015; Bradley et al., 2019;
Tabata, 2019) as the training mode. Three studies adopted other
less frequently used training mode, which involved battling rope
exercise (Marin et al., 2019) and whole-body calisthenics (Wilke
et al., 2019; Schaun and Alberton, 2020).

Affective Responses

A total of 11 studies (Stork et al., 2015, 2018; Wood et al., 2016;
Townsend et al., 2017; Follador et al., 2018; Niven et al., 2018;
Olney et al., 2018; Bradley et al., 2019; Marin et al., 2019; Astorino
et al., 2020; Marques et al., 2020) recorded acute affect responses
to SIT using the Feeling Scale (FS) (Hardy and Rejeski, 1989).
Involved SIT protocols were classic SIT (n = 6) (Stork et al,
2015; Wood et al., 2016; Townsend et al., 2017; Olney et al., 2018;
Marin et al., 2019; Marques et al., 2020), REHIT (n = 2) (Stork
et al., 2018; Astorino et al., 2020), RST (n = 5) (Townsend et al.,
2017; Niven et al., 2018; Bradley et al., 2019; Marin et al., 2019;
Marques et al., 2020), and Tabata (n = 1) (Follador et al., 2018).
The lowest reported mean affective valences ranged from —2.8
to 1.5. Most of the studies (i.e., 8 out of 12 studies) reported the
lowest affective response in the SIT condition. The lowest mean
affect was observed in classic SIT protocols (i.e., —2.8 £ 2.5)
(i.e., 4 s x 30 s sprinting + 240 s recovery) (Townsend et al.,
2017) (2.0 & 2.5) (i.e., 8 s x 30 s sprinting at intensity of 130%
Wmax + 90 s active recovery at 25% Wmax) (Wood et al.,, 2016).
The four studies that reported positive lowest affect incorporated
REHIT (i.e, 2 s x 20 s sprinting against 5% of BM + 3-min
recovery) (Astorino et al., 2020) or RST (i.e., 10 s X 6 s sprinting
against 7.5% of BM + 60 s passive recovery) (Niven et al., 2018)
or classical SIT with background music playing (Stork et al., 2015)
(i.e., 4 s x 30 s sprinting against 7.5% of their body weight + 4-
min recovery). All studies that recorded in-task affective valences
reported a trend of declining FS scores during SIT (Stork et al.,
2015, 2018; Wood et al.,, 2016; Townsend et al., 2017; Niven
etal., 2018; Olney et al., 2018; Astorino et al., 2019, 2020; Bradley
et al., 2019; Marin et al., 2019; Marques et al., 2020). As would be
predicted, there were rebounds in the FS scores in studies that
also recorded post-training (>1 min) affect (Stork et al., 2015,
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TABLE 1 | Participants’ characteristics of all included studies.

Study N/Gender/Grouping Age BMI (kg/m?) VOsmax (Ml kg~! min—7) Physical activity level
Astorino et al., 2019 Total: 19 F 37.5+10.5 39.0+4.3 Inactive and obese
Periodized interval training: n = 9 37 +12 172
HIT:n=10 37+8 %21 £ 3
Astorino et al., 2020 Total: 85 (M = 44, F = 41) Active and inactive
SIT (subjects below average VOomax): N =43 (M =19, F = 24) 23.6+6.5 230+ 2.2 33+5
SIT (subjects above average VOopay): N = 42 (M =25, F =17) 22.8+ 3.6 26.4 + 3.9 *41 + 6
Bradley et al., 2019 Total: 36 (M =12, F = 24) 21+£2 Active and inactive
SIT (LT-low tolerance): n =17 (M =5, F = 12); ~238.9 493+ 4.2
(further subdivided into very low tolerance group, n = 9)
SIT (HT-high tolerance): n =19 M =7, F =12) ~23.6 54.8+1.8
Follador et al., 2018 Total: 14 M 23.4+28 245+29 45.8 + 4.8 (cycling) Active
49.9 £ 5.6 (running)
Foster et al., 2015 Total: 55 (M =17, F = 38) Inactive
SIT (Tabata): n = 21 20.3+2.1(M); 195 £1.2(F) ~26.5 (M); ~23.9 (F) 34+ 6.5
MICT (Steady- state): n = 19 19.5+ 1.4 (M); 19.6 £ 2.9 (F) ~28.5 (M); ~25.4 (F) 33.6+5.4
HIIT (Meyer): n = 15 19.3 +1.3(M); 19.9 + 2.8 (F) ~28.5 (M); ~25.4 (F) 34.3 +9.1
Hu et al., 2021 Total: 60 F 212+14 26.0 £ 3.0 Inactive
SIT:n=15 25.6 £2.3 30.8 £ 3.7
MICT. n = 15 258 +2.6 30.6 £3.5
HIT:n=15 255 +24 31.6+22
CON:n =15 259+24 28.8+3.6
Kriel et al., 2018 Total: 12 M 24 £3.0 ~25.5 43.5+ 4.3 Inactive
Kriel et al., 2019 Total: 11 M 23+ 4.0 ~24.4 40.7 £4.3 Inactive
Marin et al., 2019 Total: 14 M 24 +4.0 262+ 27 Active
Marques et al., 2020 Total: 23 (M =11, F =12) 25.6 £ 4.8(M) ~23.1 (M) Inactive
25.0 + 3.5(F) ~22.6 (F)
McKie et al., 2018 Total: 43 (M =27, F = 16) Active
SIT@B0s):n=11(M=6,F=5) 21.0+1.7 ~24.05 46.3 + 8.4
SITA5s):n=11(M=7,F =4) 204 +1.9 ~25.03 46.8 + 7.1
SITGskn=12M=7,F=5) 19.4+ 141 ~24.29 46.2 +£7.3
CON:n=9M=7,F=2) 23.1+20 ~24.18 50.3+5.7
Metcalfe et al., 2020 Total: 25 (M =12, F =13) 47 +9 275+ 4.4 2847 Inactive

HITn=13(M=6,F=7)
CON:n =12 (M =8, F = 6)

(Continued)
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TABLE 1 | (Continued)

Study N/Gender/Grouping Age BMI (kg/m?) VOsmax (Ml kg=! min—1) Physical activity level
Niven et al., 2018 Total:12 M 25+7 ~24.4 482 + 6.7 Active
Olney et al., 2018 Total: 19 (M =10, F =9) 240+33 23.1+£3.9 42.6 + 6.5(M) Active
38.0 £ 4.2(F)
Rowley et al., 2017 Total: 12 F 34.1 £ 6.1 31.3+6.8 27.0+£6.2 Inactive and overweight
SIT:n=5 37+6 32.3+4.7 29.5 + 3.3
MICT:n=7 30+4 295+1.38 26.7 £ 2.4
Schaun and Alberton, 2020 Total: 41 M 23.7+0.7 ~24.5 46.7 £ 7.3 Active
SIT (T- treadmill): n = 15
SIT (WB- whole body): n = 12
MICT:n =14
Sim et al., 2014 Total: 17 M 30.0 £ 8.0 27.7+1.6 39.2+4.8 Inactive and overweight
Songsorn et al., 2020 Total: 8# 21 +1 249+ 2.1 39 + 10 Inactive and active
Stork et al., 2015 Total: 20 (M = 10, F = 10) 22+ 4 Active
Stork et al., 2018 Total: 30 (M =12, F =18) 21.23 + 3.81 22.47 +3.02 31.3+6.2 Inactive
Stork et al., 2019 Total: 24 (M =12, F =12) 24.08 + 4.61 23.09 + 2.68 39.2+85 Inactive
Townsend et al., 2017 Total: 9 M 23.3+3.0 224 +£22 489 £ 5.3 Active
Tritter et al., 2013 Total: 74 (M = 32, F = 42) Active
SIT (high efficacy): n = 25 209 +£1.7 23.7 £ 3.3
SIT (low efficacy): n = 25 21.8+24 258 +3.5
SIT (control): n = 24 22.6+2.3 24.4 £ 3.2
Wilke et al., 2019 Total: 33 (M =12, F = 21) 25+5 24 + 4 Inactive
SIT (Tabata):20 26+ 6 23+ 4
MICT: 13 24+ 3 24 +4
Wood et al., 2016 Total: 12 (M =8, F =4) 242 +6.2 ~23.9 406 +£4.3 Active

*, significantly different between experimental groups; ~, data not available initially and was calculated using mean value reported in the studies; #, only data from healthy participants were extracted, BM, body mass;
F, female; M, male; N, the number of participants.
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2018; Townsend et al., 2017; Niven et al., 2018; Marin et al., 2019;
Marques et al., 2020).

Four studies compared SIT to MICT in acute affective
responses (Niven et al., 2018; Olney et al., 2018; Stork et al., 2018;
Songsorn et al, 2020) in scores of the FS and the results
were pooled to conduct meta-analyses. Meta-analyses showed no
significant effect in favor of either MICT or SIT in the lowest
score during exercise and post exercise (Figure 3). However, the
meta-analysis demonstrated a large effect in favor of MICT in
FS scores recorded immediately post-exercise. A high degree of
heterogeneity existed in the meta-analysis of the lowest score
(I? = 89%) and end-exercise score (i.e., immediately post exercise)
(I> = 86%) and a moderate to high degree of heterogeneity in the
analysis of the post-exercise score (12 = 62%).

Significantly more negative scores (p < 0.05) during SIT
compared to MICT were reported in one study that incorporated
classic SIT (i.e., 6 s x 20 s at intensity of 140% Wyax + 75 s
active recovery at intensity of 20% W4y (Olney et al., 2018),
while the other two studies that analyzed RST (i.e., 10 s X 6s
sprinting against 7.5% of BM + 60 s passive recovery) (Niven
et al., 2018) and REHIT (i.e,, 3 s x 20 s sprinting against 5%
of BM + 120 s passive recovery) (Stork et al., 2018) showed no
significant differences in affect between SIT and MICT during the
exercise. However, larger reduction of affect valences in SIT than
MICT from baseline to immediately end training were observed
in all the three studies.

Six studies compared SIT to HIIT in acute affect valences
(Wood et al., 2016; Follador et al., 2018; Olney et al., 2018; Stork
et al., 2018; Marques et al., 2020; Songsorn et al., 2020). No
significant differences in affect valences recorded immediately
post-training or > 5-min post training between SIT and HIIT
were found in the meta-analyses. Nevertheless, in the study of
Follador (Follador et al., 2018), affect valences measured 10-min
post training was higher in HIIT (2.1 £ 2.0) compared to Tabata
SIT (—1.1 & 2.5) and classic SIT (0.4 & 2.9). There was a large
effect in favor of HIIT compared to SIT in the lowest score during
exercise, suggesting a larger adverse effect of SIT on affect state.
In the analysis of end-exercise, extracted data from the study of
Stork et al. (2018) was excluded due to potentially driven effect of
meta-analysis from the large weight (weight = 78.5%). Sensitivity
analysis showed that there were still no significant differences in
affect valences immediately post training between SIT and HIIT
before removal of the study by Stork et al. (2018) (Z = 0.07,
p=0.95, CI: —0.39 to 0.37). The degree of heterogeneity was high
in the post exercise FS score (I? = 88%) but low in the lowest score
(I? = 25%) and end-exercise (i.e., immediately post exercise) score
(I = 0%).

Combing affect and perceived activations (i.e., the
circumplex model) could provide a broader and more accurate
understanding of affect state (Ekkekakis, 2008), yet only five out
of 25 included studies recorded perceived activations through
the felt of arousal scale (FAS), and two out of the four studies
reported and discussed circumplex model in their articles
as presented in Supplementary Table 1 (Niven et al, 2018;
Bradley et al., 2019). Three studies analyzed RST (i.e., 10 s X 6's
sprinting against 7.5% BM + 60 s passive recovery (Niven et al.,
2018) or active recovery (Bradley et al., 2019) or 12's x 10 s

sprinting + 30 s recovery (Marin et al., 2019), and two analyzed
REHIT (i.e, 3 s x 20 s sprinting against 5% of BM + 120 s
passive recovery (Stork et al., 2018, 2019). Perceived activation
increased significantly during SIT with mean peak valences
ranged from 3.0 to 4.5 in SIT. One study compared SIT with
MICT in perceived activations, with results showing a significant
higher perceived activation in SIT than MICT.

Enjoyment Responses

A total of 17 studies (Tritter et al., 2013; Sim et al., 2014; Stork
et al., 2015, 2018, 2019; Rowley et al., 2017; Townsend et al.,
2017; Kriel et al., 2018, 2019; McKie et al., 2018; Olney et al,,
2018; Astorino et al., 2019, 2020; Marin et al., 2019; Marques
et al., 2020; Schaun and Alberton, 2020; Hu et al., 2021) reported
post-exercise enjoyment responses to SIT based on the PACES.
Four out of the 17 studies (Townsend et al., 2017; McKie et al.,
2018; Marin et al., 2019; Metcalfe et al., 2020) used a modified
version of the PACES with one 7-point item removed (i.e.,
current absorption in the activity) and the highest score of 119
instead of the original highest score of 126. Moreover, two of the
three studies using modified PACES added two separated items
(i.e., “how much did you enjoy?” and “enjoyment performing
3 x /week for next month”). One out of the 18 studies used
a PACES of sixteen 5-point items (a total score of 80) (Rowley
etal,, 2017). The average percentage of PACES score ranged from
51 to 81%. Both the lowest (53%) (McKie et al., 2018) and the
highest enjoyment level (81%) were reported in RST protocols
(Townsend et al., 2017). There were large inconsistencies in the
measurement time of the PACES across studies (i.e., immediately
post: n = 6; within 5-min end of training: #n = 2; 5-min post
training: n = 3; 10-min post training: n = 3; 15-min post training:
n = 1; 30-min post training: n = 2; 60-min post training: n = 1).
In the study of Stork et al. (2018), PACES scores were recorded
immediately post-training, 30-min post training and 60-min
post training, and the main effects of time showed significant
increased enjoyment indicating a rebound effect.

Seven studies compared SIT with MICT in acute enjoyment
responses based on the PACES (Sim et al., 2014; Olney et al,,
2018; Stork et al., 2018; Kriel et al., 2019; Marques et al., 2020;
Schaun and Alberton, 2020; Songsorn et al., 2020). The results
of meta-analysis showed that there was no significant effect in
favor of either SIT or MICT (Z = 0.50, P > 0.05, CI: —6.67 to
3.97) (Figure 5). Most of the studies (n = 6) reported similar
post-exercise enjoyment in SIT regardless the protocol design
and measurement time (i.e., included classic SIT, REHIT, RST,
Tabata) compared with MICT. However, one study (Kriel et al.,
2019) that analyzed work-matched SIT and MICT reported
significantly lower enjoyment level in a classic SIT session (Kriel
et al., 2018). Moreover, in the study of Foster (Foster et al., 2015)
which recorded enjoyment using the EES, pre-, during- and post-
training, significant lower enjoyment in a Tabata session (ie.,
8 sprints of 20 s at 170% VOgyax interspersed with 10 s rest)
compared to MICT was reported.

Five studies (Sim et al., 2014; Olney et al., 2018; Stork et al.,
2018; Marques et al., 2020; Songsorn et al., 2020) compared
enjoyment responses to SIT protocols (included classic SIT,
REHIT, and RST) with HIIT protocols using PACES, while one
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Mean Difference

n Differen E Weight IV, Ran 5% Cl IV, Random % Cl
Kriel 2019 6.2 7.0464 13.3% 6.20 [-7.61, 20.01] I
Olney 2018 -6.2 6.3359 16.0% -6.20[-18.62, 6.22] Bl B
Schaun 2020 -6.53 6.079 17.2%  -6.53[-18.44, 5.38] T
Sim 2014 -3 51905 224%  -3.00[-13.17,7.17] =
Songsorn 2020 17 10.2817 6.6% 17.00 [-3.15, 37.15] T
Stork 2018 -2.07 49035 24.6% -2.07[-11.68, 7.54] -
Total (95% CI) 100.0% -1.35 [-6.67, 3.97]

Heterogeneity: Tau? = 5.90; Chi?2 = 5.76, df =5 (P = 0.33); I = 13%

Test for overall effect: Z = 0.50 (P = 0.62)

FIGURE 5 | Random effects meta-analyses for the influence of sprint interval training (SIT) vs. moderate-intensity continuous training (MICT) on enjoyment.
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Sim 2014 -4 4911 26.3% -4.00[-13.63, 5.63] =
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Total (95% ClI) 100.0% -2.88 [-7.82, 2.05]

Heterogeneity: Tau? = 0.00; Chi? = 3.09, df =4 (P = 0.54); I? = 0%
Test for overall effect: Z = 1.15 (P = 0.25)

FIGURE 6 | Random effects meta-analyses for the influence of sprint interval training vs. high-intensity interval training on enjoyment. Effect sizes are shown as mean

difference and 95% confidence intervals.
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study which analyzed Tabata used the EES (Foster et al., 2015).
For studies that incorporated more than one HIIT protocols,
results from the most identical protocol to protocols in other
studies (i.e., 60 s interval durations) were used in the meta-
analysis. Results of the meta-analysis using PACES data shows
no significant effect in favor of either SIT or HIIT (Figure 6). In
6 out of seven studies, enjoyment level indicated by the PACES
was comparable between HIIT and SIT. However, in the study of
Astorino (Astorino et al., 2019) and the study of Foster (Foster
et al., 2015) which used the EES, significantly higher enjoyment
levels in HIIT compared to SIT (modified classic SIT and Tabata
SIT) were reported.

Eight studies analyzed non-acute (i.e., intervention duration:
4-week to 16-week) enjoyment responses to SIT, while one
out of eight studies only measured one time point after 4-
week intervention. Most studies (n = 5) reported non-significant
change in enjoyment level of SIT. Nevertheless, one study
reported consistently decrease in enjoyment during an 8-week
Tabata training (Foster et al., 2015); and one study reported
that enjoyment level decrease significantly after the first week
in RST while remained stable from the week 4 to week 12
(Hu et al., 2021).

DISCUSSION

Whilst there is a growing body of literature that recognized
the substantial physiological benefits induced by SIT, there
has been reported concerns about psychological responses of
SIT protocols. This type of training involves supramaximal

intensity and has been feared to be too physically demanding
for individuals and especially inactive ones who often have low
tolerance to high intensity exercise and have been presumed
to have low intrinsic motivation to participate in any physical
activity. These unsubstantiated claims must be scientifically and
rigorously evaluated before making position statements. The
current study aimed to synthesis the literature on the effects
of SIT on psychological responses including two of the most
reported variables—enjoyment and affect with respect to MICT
and HIIT with near maximal intensity. Overall, the results from
the included studies demonstrated a wide-range of affective
valences and enjoyment scores to SIT. Affective responses
decreased largely during SIT, with the lowest negative affective
valences recorded during the majority of SIT studies. Affective
valences were more negative immediately after exercise in SIT
compared to MICT. It is important to note, however, that no
significant differences were found between SIT and MICT in
the meta-analyses in the lowest score and post-exercise score
after recovery, indicating that the maximal adverse impact on
affective responses of “all-out” intensity in SIT may not be as
strong as generally assumed (Ekkekakis, 2003; Hardcastle et al.,
2014). Levels of enjoyment after SIT were varied and inconsistent
across studies that incorporated different protocol design and
assessment times. The meta-analyses for comparisons in PACES
scores indicated comparable enjoyment responses between SIT
and MICT or HIIT.

Ratings of pleasure and displeasure through the FS could
be largely impacted by exercise intensity according to previous
studies in continuous training (Ekkekakis, 2008; Decker and
Ekkekakis, 2017), in which the lowest point of affect valences
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could represent the magnitude of the impact. Negative affective
valences observed in most of the studies (i.e., 9 out of 12 studies)
during SIT suggests that SIT might lead to displeasure and
discourage its participants. Interestingly, the lowest scores of
affect valences were similar between SIT and MICT and lower in
HIIT compared to SIT. Discrepancies in interval protocol design
might influence perceived physical demand (i.e., RPE) (Borg,
1982) and lead to differences in affective responses. Significant
associations between changes in RPE and changes in affect were
found in a retrospective study that revisited the data collected
in five previous studies from the same research team (Astorino
and Vella, 2018). Consistent with the present review, positive
affect valences were observed in SIT protocols (i.e., REHIT and
RST) that induced low RPE (~6 out of 10 in Brog CR-10 scale)
(Niven et al., 2018; Astorino et al., 2020), while negative affect
valences reported were usually accompanied by higher RPE (~ 8-
9 out of 10 in Brog CR-10 scale (Follador et al., 2018; Stork et al.,
2018) or 17-18 out of 20 in Brog 6-20 scale (Marin et al., 2019;
Marques et al., 2020). Moreover, adverse events (i.e., vomit) were
reported in one study applied classic SIT with relatively high RPE
(i.e., 16 £ 2.5), which led to seven or ~14% participates drop-
outs of the exercise protocol (Tritter et al., 2013). In this sense,
lowering perceived exertions during SIT by adjusting the protocol
design might help to mitigate negative affective responses and
avoid adverse events. Specifically, low-volume SIT protocols with
shortened sprint duration and fewer sprint repetitions as adopted
in studies analyzing REHIT (i.e., 2 s x 20 s sprinting against
5% of BM + 3-min recovery) (Astorino et al., 2020) or RST
(i.e, 10 s x 6 s sprinting against 7.5% BM + 60 s passive
recovery) (Niven et al., 2018) could be less physically demanding
and induce more positive affective responses, thus potentially
increasing future exercise adherence.

Based on the scores of the PACES reported in the included
studies, there was a neutral or above intermediate level of
enjoyment responses to SIT regardless the protocol designs.
It seems to be conflicting reports on enjoyment responses to
SIT, considering the peak negative affective valences occurred
frequently in most studies. Nevertheless, considerations of
differentiating enjoyment as a subsequent affective judgment
from general feelings during exercise as indicated by affect
valences might help to settle the disagreements (Niven et al.,
2020). Specifically, enjoyment measured by multi-item PACES
post exercise indicate the recalled memory of enjoyment
during previous exercise experiences, which is off-stimulus
affective responses (Haile et al, 2016). In contrast, affect
valences measured by single-item FS provide information of
overall affective responses rather than specific affective domains.
Moreover, items in the PACES tend to access more specific
feelings such as energizing, stimulating, refreshing and sense
of accomplishment (Kendzierski and DeCarlo, 1991) than
general pleasure assessed by the FS. It is possible that some
of these feelings (i.e., stimulating, feeling of accomplishment)
might likely occur in SIT as perceived activations indicated
by the FAS were reported high during SIT, and completion
of more challenging SIT with “all-effort” could induce greater
feelings of accomplishment compared to low- or moderate-
intensity exercises.

Although comparable enjoyment responses between SIT and
MICT were reported in several studies, cautions should be
noted when generalizing the data from the existed studies that
incorporated different study designs. In the study of Kriel et al.
(2019), a lower enjoyment level analyzed through PACES in
SIT with respect to MICT were reported. However, in order to
match for the total mechanical work between the MICT group
and the SIT group, the training durations of MICT (i.e., 5:33-
7:38 min) in this study are considerably shorter than that of
the other studies (i.e., 30-45 min) including MICT protocols.
Thus, a lower training volume and significantly shorter work
duration in SIT might explain the comparable enjoyment level
compared to MICT with higher training volume and longer work
duration. The study by Foster et al. (2015) also reported that SIT
was significantly less enjoyable than MICT, which was indicated
by lower EES scores recorded in the SIT group. However, the
SIT protocol is defined as Tabata with recovery duration twofold
shorter than interval duration. As such, this demanding work-to-
rest ratio may aggravate the strenuousness for inactive individuals
to perform SIT and induce a lower level of enjoyment.

Despite that the results gathered in the current review
providing a summary of overall affective and enjoyment
responses, individual differences still existed with a wide-range
of affect valences and enjoyment scores to SIT. Identifying the
exact variables that impact affective and enjoyment responses to
dissect the mechanism behind the results could be challenging,
yet several included studies tried to unravel the mystery of
inconsistent psychological responses among individuals. One
of the examined cognitive variables was tolerance of the
exercise intensity. Two studies (Bradley et al., 2019; Marin
et al., 2019) suggested that affective valences were influenced
by self-reported tolerance measured through Preference and
Tolerance for Exercise Intensity Questionnaire (PRETIE-Q)
as affective valences were significantly lower (Bradley et al,
2019) or post-exercise fatigue (Marin et al.,, 2019) was higher
in groups with lower levels of tolerance. However, one
study pointed out that tolerance might not influence affective
responses to REHIT (Astorino et al., 2020) which posed a
relatively low physical demand (i.e., low RPE). The other
cognitive parameter that has been analyzed was exercise self-
efficacy which indicates the confidence to complete a given
exercise protocol under specific conditions. Increasing self-
efficacy through positive feedback provided by the experimenters
stimulated higher levels of enjoyment according to the study
of Tritter et al. (2013). Nevertheless, given the limited number
of studies that analyzed cognitive parameters, more evidence is
needed to confirm the associations between affective responses
to SIT and cognitive parameters. The exercise environment
(e.g., music background and exercise in groups) might also
influence exercise experiences and psychological responses.
Listening to music might mitigate the adverse feelings induced
by SIT with supramaximal intensity as affective responses
to SIT were more positive in music condition according to
the studies of Stork et al. (2015, 2019). Moreover, exercising
in groups might induce higher motivations and favorable
affective responses to intense form of SIT (i.e., Tabata) as
one study reported higher enjoyment in Tabata than MICT
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when performed in groups with music playing during workouts
(Wilke et al., 2019).

In the present study, a sample size of a total of 763 healthy
adult individuals from 25 studies were identified after completed
search throughout the available databases. There were several
research gaps and issues that worth of mention. Firstly, most
of the studies (n = 23) in the current review only included
young participants (i.e., < 30-year-old). The limited inclusion of
young participants in SIT protocols suggests that future studies
could benefit from involving various age groups to explore
psychological responses in SIT and it was inappropriate to
conclude that older subjects would respond to SIT similarly
as the relatively young subjects from the current analysis.
Secondly, most of the included studies analyzed acute responses
to SIT (n = 14) or intervention duration of no more than
5 weeks (n = 3). Moreover, most interventions in the included
studies were carried out in laboratory under supervision, which
might ensure high adherence rate (i.e., 90-100%), while limited
data from only two studies showed lower adherence (ie.,
~70%) to SIT in unsupervised conditions. Therefore, data
regarding long-term effects of SIT performing in “real-world”
settings are still lacking, which highlight the need for more
long-term studies to attain a comprehensive understanding of
psychological responses and adherence to this training modality.
Thirdly, there might be an issue generalizing affective and
enjoyment responses across studies due to applying varied
methods of differing intensity in SIT and overlooking individual
differences. For example, only a small number of studies
determined exercise intensity based on ventilatory threshold
(VT) or other metabolic landmarks which has been suggested
as a more appropriate method with individual differences
taken into consideration (Marin et al., 2019). Nevertheless, the
measurements of these metabolic landmarks could be impractical
in a real-life setting. Fourth, cognitive and environmental
variables, which might vary to a large extent between people,
were not often controlled in the included studies, indicating
a need for more studies with individual differences taken into
consideration and appropriated measurements in this area of
research. Lastly, there was a limited number of studies (5 out
of 28 studies) that analyzed behavior-related parameters such
as intention and preference. Despite that the results indicated
certain SIT protocol (i.e., RST) was preferred and could induce
higher intention compared to classic SIT and HII'T, more studies
are needed to investigate the influences of differences in the
design of SIT protocols on behavior-related parameters and
actual exercise behavior.

The current review is the first study that tried to synthesize
the existing studies on affective and enjoyment responses of SIT
with respect to differences in exercise configuration in healthy
individuals. However, there are a few limitations in the present
study that should be mentioned. Firstly, categorizations of SIT
protocols based on differences in protocol design might not
be precise, since small variations in work-to-rest ratio across
studies still existed. Moreover, apart from differences in protocol
design, there were other factors that could influence affective and
enjoyment responses awaiting to be investigate. Lastly, several
outcomes in the meta-analysis resulted in a high degree of
heterogeneity and unbalanced weight across studies with greater

impact from some studies (Niven et al., 2018; Stork et al., 2018),
which might impact the strength of the results.

Overall, the results in this review demonstrated that SIT
elicits negative and lower affective valences compared to MICT
immediately post-exercise, but similar low affective valences
during exercise and comparable post-exercise affective state
as MICT or HIIT. Moreover, enjoyment responses in SIT
were comparable to MICT or HIIT in healthy individuals,
suggesting similar future adherence in SIT with better time-
efficiency than MICT or HIIT. Based on the available literature
and data at this time, it is still premature to conclude on
whether SIT, or which SIT configuration, could induce more
positive affective responses. Likewise, there is inadequate data
to date to be able to conclude which exercise modality is
going to be more likely to be adhered due to the limited
age groups included and inconsistent research design across
studies involving SIT protocols, and individual differences existed
among the participants. Our findings suggested that it might
be important to consider adopting low-volume SIT protocols
with shorter sprint duration and fewer sprint repetitions (e.g.,
REHIT or RST) and incorporating music, group exercise to
reduce adverse affective responses, especially when introducing
SIT to individuals with low tolerance to high intensity exercise.
Moreover, given that physiological improvements elicited by SIT
is not attenuated with shorter and fewer sprints according to
previous meta-analysis (Vollaard et al., 2017), low-volume SIT
that produced more positive affective responses and possibly
higher future adherence could be a better choice to maximize the
time-efficiency of SIT.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

AUTHOR CONTRIBUTIONS

MH and ZK contributed to conception and design of the
manuscript, performed data search, and data extraction. MH
performed data-analysis. MH, M]J, JN, and ZK drafted and
revised the manuscript. All authors contributed to the article and
approved the submitted version.

FUNDING

This work was supported by the University of Macau
(MYRG2018-00216-FED) who had no role in the study
design, data collection and analysis, decision to publish, or
preparation of the manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyg.2022.
820228/full#supplementary- material

Frontiers in Psychology | www.frontiersin.org

March 2022 | Volume 13 | Article 820228


https://www.frontiersin.org/articles/10.3389/fpsyg.2022.820228/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.820228/full#supplementary-material
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Hu et al.

Affective Responses to SIT

REFERENCES

Astorino, T. A., Clark, A., De La Rosa, A., and De Revere, J. L. (2019). Enjoyment
and affective responses to two regimes of high intensity interval training in
inactive women with obesity. Eur. J. Sport Sci. 19, 1377-1385. doi: 10.1080/
17461391.2019.1619840

Astorino, T. A., Clausen, R., Marroquin, J., Arthur, B., and Stiles, K. (2020).
Similar perceptual responses to reduced exertion high intensity interval
training (REHIT) in adults differing in cardiorespiratory fitness. Physiol. Behav.
213:112687. doi: 10.1016/j.physbeh.2019.112687

Astorino, T. A., and Vella, C. A. (2018). Predictors of change in affect in response to
high intensity interval exercise (HIIE) and sprint interval exercise (SIE). Physiol.
Behav. 196, 211-217. doi: 10.1016/j.physbeh.2018.08.017

Batacan, R. J. Jr., Duncan, M., Dalbo, V. J., Tucker, P. S., and Fenning, A. S.
(2017). Effects of high-intensity interval training on cardiometabolic health: a
systematic review and meta-analysis of intervention studies. Br. J. Sports Med.
51, 494-503. doi: 10.1136/bjsports-2015-095841

Biddle, S.J., and Batterham, A. M. (2015). High-intensity interval exercise training
for public health: a big HIT or shall we HIT it on the head? Int. J. Behav. Nutr.
Phys. Act. 12:95. doi: 10.1186/512966-015-0254-9

Borg, G. A. (1982). Psychophysical bases of perceived exertion. Med. Sci. Sports
Exerc. 14, 377-381.

Bradley, C., Niven, A., and Phillips, S. M. (2019). Self-reported tolerance of the
intensity of exercise influences affective responses to and intentions to engage
with high-intensity interval exercise. J. Sports Sci. 37, 1472-1480. doi: 10.1080/
02640414.2019.1570590

Brand, R., and Ekkekakis, P. (2018). Affective-reflective theory of physical
inactivity and exercise. Ger. J. Exerc. Sport Res. 48, 48-58.

Buchheit, M., and Laursen, P. B. (2013). High-intensity interval training, solutions
to the programming puzzle. Sports Med. 43, 313-338.

Burgomaster, K. A., Heigenhauser, G. J., and Gibala, M. J. (2006). Effect of
short-term sprint interval training on human skeletal muscle carbohydrate
metabolism during exercise and time-trial performance. J. Appl. Physiol. 100,
2041-2047. doi: 10.1152/japplphysiol.01220.2005

Decker, E. S., and Ekkekakis, P. (2017). More efficient, perhaps, but at what
price? Pleasure and enjoyment responses to high-intensity interval exercise in
low-active women with obesity. Psychol. Sport Exerc. 28, 1-10.

Ekkekakis, P. (2003). Pleasure and displeasure from the body: perspectives from
exercise. Cogn. Emot. 17, 213-239. doi: 10.1080/02699930302292

Ekkekakis, P. (2008). Affect circumplex redux: the discussion on its utility as
a measurement framework in exercise psychology continues. Int. Rev. Sport
Exerc. Psychol. 1, 139-159.

Follador, L., Alves, R. C., Ferreira, S. S., Buzzachera, C. F., Andrade, V. F. S., Garcia,
E. D. A, et al. (2018). Physiological, perceptual, and affective responses to six
high-intensity interval training protocols. Percept. Mot. Skills 125, 329-350.
doi: 10.1177/0031512518754584

Foster, C., Farland, C. V., Guidotti, F., Harbin, M., Roberts, B., Schuette, J., et al.
(2015). The effects of high intensity interval training vs steady state training on
aerobic and anaerobic capacity. J. Sports Sci. Med. 14, 747-755.

Gibala, M. J,, Little, J. P., Van Essen, M., Wilkin, G. P., Burgomaster, K. A,
Safdar, A., et al. (2006). Short-term sprint interval versus traditional endurance
training: similar initial adaptations in human skeletal muscle and exercise
performance. J. Physiol. 575, 901-911. doi: 10.1113/jphysiol.2006.112094

Gist, N. H., Fedewa, M. V., Dishman, R. K., and Cureton, K. J. (2014). Sprint
interval training effects on aerobic capacity: a systematic review and meta-
analysis. Sports Med. 44, 269-279. doi: 10.1007/s40279-013-0115-0

Guthold, R,, Stevens, G. A., Riley, L. M., and Bull, F. C. (2018). Worldwide trends
in insufficient physical activity from 2001 to 2016: a pooled analysis of 358
population-based surveys with 1-9 million participants. Lancet Glob. Health. 6,
€1077-e1086. doi: 10.1016/52214-109X(18)30357-7

Haile, L., Gallagher, M., and Robertson, R. J. (2016). Perceived Exertion Laboratory
Manual. New York, NY: Springer.

Hall, E. E., Ekkekakis, P., and Petruzzello, S. J. (2002). The affective beneficence
of vigorous exercise revisited. Br. J. Health Psychol. 7, 47-66. doi: 10.1348/
135910702169358

Hardcastle, S. J., Ray, H., Beale, L., and Hagger, M. S. (2014). Why sprint interval
training is inappropriate for a largely sedentary population. Front. Psychol.
5:1505. doi: 10.3389/fpsyg.2014.01505

Hardy, C. J., and Rejeski, W. J. (1989). Not what, but how one feels:
the measurement of affect during exercise. J. Sport Exerc. Psychol. 11,
304-317.

Higgins, J. P., Altman, D. G., Getzsche, P. C,, Jiini, P., Moher, D., Oxman, A. D.,
et al. (2011). The Cochrane Collaboration’s tool for assessing risk of bias in
randomised trials. BMJ 343:d5928.

Higgins, J. P., Thomas, J., Chandler, J., Cumpston, M., Li, T., Page, M. ], et al.
(2019). Cochrane Handbook for Systematic Reviews of Interventions. Chichester:
John Wiley & Sons.

Hu, M., Kong, Z., Sun, S., Zou, L., Shi, Q., Chow, B. C,, et al. (2021). Interval
training causes the same exercise enjoyment as moderate-intensity training
to improve cardiorespiratory fitness and body composition in young Chinese
women with elevated BMI. J. Sports Sci. 39, 1677-1686. doi: 10.1080/02640414.
2021.1892946

Jelleyman, C., Yates, T., O’'Donovan, G., Gray, L. ], King, J. A., Khunti, K., et al.
(2015). The effects of high-intensity interval training on glucose regulation and
insulin resistance: a meta-analysis. Obes. Rev. 16, 942-961. doi: 10.1111/obr.
12317

Keating, S. E., Johnson, N. A., Mielke, G. I, and Coombes, J. S. (2017). A
systematic review and meta-analysis of interval training versus moderate-
intensity continuous training on body adiposity. Obes. Rev. 18, 943-964. doi:
10.1111/0br.12536

Kendzierski, D., and DeCarlo, K. J. (1991). Physical activity enjoyment scale: two
validation studies. J. Sport Exerc. Psychol. 13, 50-64.

Kessler, H. S., Sisson, S. B., and Short, K. R. (2012). The potential for high-
intensity interval training to reduce cardiometabolic disease risk. Sports Med.
42, 489-509. doi: 10.2165/11630910-000000000-00000

Kong, Z., Fan, X,, Sun, S., Song, L., Shi, Q., and Nie, J. (2016). Comparison of
high-intensity interval training and moderate-to-vigorous continuous training
for cardiometabolic health and exercise enjoyment in obese young women: a
randomized controlled trial. PLoS One. 11:e0158589. doi: 10.1371/journal.pone.
0158589

Kriel, Y., Askew, C. D., and Solomon, C. (2018). The effect of running versus
cycling high-intensity intermittent exercise on local tissue oxygenation and
perceived enjoyment in 18-30-year-old sedentary men. Peer]. 6:¢5026. doi:
10.7717/peer;j.5026

Kriel, Y., Askew, C. D., and Solomon, C. (2019). Sprint interval exercise versus
continuous moderate intensity exercise: acute effects on tissue oxygenation,
blood pressure and enjoyment in 18-30 year old inactive men. Peer]. 7:¢7077.
doi: 10.7717/peer;j.7077

MaclInnis, M. J., and Gibala, M. J. (2017). Physiological adaptations to interval
training and the role of exercise intensity. J. Physiol. 595, 2915-2930. doi:
10.1113/JP273196

Marin, D. P., Astorino, T. A., Martinatto, F., Ragazzini, F. T., Bispo, R. E., Foschini,
D, et al. (2019). Comparison of perceptual responses between different upper-
body sprint interval exercise protocols. Physiol. Behav. 210:112626. doi: 10.
1016/j.physbeh.2019.112626

Marques, M., Alves, E., Henrique, N., and Franchini, E. (2020). Positive
affective and enjoyment responses to four high-intensity interval exercise
protocols. Percept. Mot. Skills 127, 742-765. doi: 10.1177/00315125209
18748

McKie, G. L., Islam, H., Townsend, L. K., Robertson-Wilson, J., Eys, M., and
Hazell, T. J. (2018). Modified sprint interval training protocols: physiological
and psychological responses to 4 weeks of training. Appl. Physiol. Nutr. Metab.
43, 595-601. doi: 10.1139/apnm-2017-0595

Metcalfe, R. S., Atef, H., Mackintosh, K., McNarry, M., Ryde, G., Hill, D. M., et al.
(2020). Time-efficient and computer-guided sprint interval exercise training for
improving health in the workplace: a randomised mixed-methods feasibility
study in office-based employees. BMC Public Health 20:313. doi: 10.1186/
512889-020-8444-z

Milanovi¢, Z., Sporis, G., and Weston, M. (2015). Effectiveness of high-intensity
interval training (HIT) and continuous endurance training for VOjax
improvements: a systematic review and meta-analysis of controlled trials. Sports
Med. 45, 1469-1481. doi: 10.1007/540279-015-0365-0

Niven, A., Laird, Y., Saunders, D. H., and Phillips, S. M. (2020). A systematic
review and meta-analysis of affective responses to acute high intensity interval
exercise compared with continuous moderate-and high-Intensity exercise.
Health Psychol. Rev. 15, 540-573. doi: 10.1080/17437199.2020.1728564

Frontiers in Psychology | www.frontiersin.org

March 2022 | Volume 13 | Article 820228


https://doi.org/10.1080/17461391.2019.1619840
https://doi.org/10.1080/17461391.2019.1619840
https://doi.org/10.1016/j.physbeh.2019.112687
https://doi.org/10.1016/j.physbeh.2018.08.017
https://doi.org/10.1136/bjsports-2015-095841
https://doi.org/10.1186/s12966-015-0254-9
https://doi.org/10.1080/02640414.2019.1570590
https://doi.org/10.1080/02640414.2019.1570590
https://doi.org/10.1152/japplphysiol.01220.2005
https://doi.org/10.1080/02699930302292
https://doi.org/10.1177/0031512518754584
https://doi.org/10.1113/jphysiol.2006.112094
https://doi.org/10.1007/s40279-013-0115-0
https://doi.org/10.1016/S2214-109X(18)30357-7
https://doi.org/10.1348/135910702169358
https://doi.org/10.1348/135910702169358
https://doi.org/10.3389/fpsyg.2014.01505
https://doi.org/10.1080/02640414.2021.1892946
https://doi.org/10.1080/02640414.2021.1892946
https://doi.org/10.1111/obr.12317
https://doi.org/10.1111/obr.12317
https://doi.org/10.1111/obr.12536
https://doi.org/10.1111/obr.12536
https://doi.org/10.2165/11630910-000000000-00000
https://doi.org/10.1371/journal.pone.0158589
https://doi.org/10.1371/journal.pone.0158589
https://doi.org/10.7717/peerj.5026
https://doi.org/10.7717/peerj.5026
https://doi.org/10.7717/peerj.7077
https://doi.org/10.1113/JP273196
https://doi.org/10.1113/JP273196
https://doi.org/10.1016/j.physbeh.2019.112626
https://doi.org/10.1016/j.physbeh.2019.112626
https://doi.org/10.1177/0031512520918748
https://doi.org/10.1177/0031512520918748
https://doi.org/10.1139/apnm-2017-0595
https://doi.org/10.1186/s12889-020-8444-z
https://doi.org/10.1186/s12889-020-8444-z
https://doi.org/10.1007/s40279-015-0365-0
https://doi.org/10.1080/17437199.2020.1728564
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Hu et al.

Affective Responses to SIT

Niven, A., Thow, J., Holroyd, J., Turner, A. P., and Phillips, S. M. (2018).
Comparison of affective responses during and after low volume high-intensity
interval exercise, continuous moderate-and continuous high-intensity exercise
in active, untrained, healthy males. J. Sports Sci. 36, 1993-2001. doi: 10.1080/
02640414.2018.1430984

Oliveira, B. R. R,, Santos, T. M., Kilpatrick, M., Pires, F. O., and Deslandes, A. C.
(2018). Affective and enjoyment responses in high intensity interval training
and continuous training: a systematic review and meta-analysis. PLoS One
13:¢0197124. doi: 10.1371/journal.pone.0197124

Olney, N., Wertz, T., LaPorta, Z., Mora, A., Serbas, J., and Astorino, T. A. (2018).
Comparison of acute physiological and psychological responses between
moderate-intensity continuous exercise and three regimes of high-intensity
interval training. J. Strength Cond. Res. 32, 2130-2138. doi: 10.1519/JSC.
0000000000002154

Pagnan, C. E., Seidel, A., and MacDermid Wadsworth, S. (2017). I just can’t fit it in!
Implications of the fit between work and family on health-promoting behaviors.
J. Fam. Issues 38, 1577-1603.

Pescatello, L. S., Riebe, D., and Thompson, P. D. (2014). ACSM’s Guidelines for
Exercise Testing and Prescription. Philadelphia, PA: Lippincott Williams &
Wilkins.

Rhodes, R. E., and Kates, A. (2015). Can the affective response to exercise predict
future motives and physical activity behavior? A systematic review of published
evidence. Ann. Behav. Med. 49, 715-731. doi: 10.1007/s12160-015-9704-5

Rowley, T. W, Espinoza, J. L., Akers, J. D., Wenos, D. L., and Edwards, E. S. (2017).
Effects of run sprint interval training on healthy, inactive, overweight/obese
women: a pilot study. Facets 2, 53-67.

Sallis, J. F., Bull, F., Guthold, R., Heath, G. W., Inoue, S., Kelly, P., et al. (2016).
Progress in physical activity over the Olympic quadrennium. Lancet 388,
1325-1336. doi: 10.1016/50140-6736(16)30581-5

Schaun, G. Z., and Alberton, C. L. (2020). Using bodyweight as resistance can
be a promising avenue to promote interval training: enjoyment comparisons
to treadmill-based protocols. Res. Q. Exerc. Sport 1-9. doi: 10.1080/02701367.
2020.1817293

Sim, A. Y., Wallman, K., Fairchild, T., and Guelfi, K. (2014). High-intensity
intermittent exercise attenuates ad-libitum energy intake. Int. J. Obes. 38,
417-422. doi: 10.1038/ij0.2013.102

Songsorn, P., Brick, N., Fitzpatrick, B., Fitzpatrick, S., McDermott, G., McClean,
C., et al. (2020). Affective and perceptual responses during reduced-exertion
high-intensity interval training (REHIT). Int. J. Sport Exerc. Psychol. 18,
717-732.

Stanley, D. M., and Cumming, J. (2010). Are we having fun yet? Testing the effects
of imagery use on the affective and enjoyment responses to acute moderate
exercise. Psychol. Sport Exerc. 11, 582-590.

Stevens, C. J., Baldwin, A. S., Bryan, A. D., Conner, M., Rhodes, R. E., and
Williams, D. M. (2020). Affective determinants of physical activity: a conceptual
framework and narrative review. Front. Psychol. 11:568331. doi: 10.3389/fpsyg.
2020.568331

Stork, M. J., Banfield, L. E., Gibala, M. J., and Martin Ginis, K. A. (2017). A scoping
review of the psychological responses to interval exercise: is interval exercise
a viable alternative to traditional exercise? Health Psychol. Rev. 11, 324-344.
doi: 10.1080/17437199.2017.1326011

Stork, M., Gibala, M., and Ginis, K. M. (2018). Psychological and behavioral
responses to interval and continuous exercise. Med. Sci. Sports Exerc. 50,
2110-2121. doi: 10.1249/MSS.0000000000001671

Stork, M. J., Karageorghis, C. I, and Ginis, K. A. M. (2019). Let’s go: psychological,
psychophysical, and physiological effects of music during sprint interval
exercise. Psychol. Sport Exerc. 45:101547.

Stork, M. J., Kwan, M. Y., Gibala, M. J., and Ginis, K. A. M. (2015). Music enhances
performance and perceived enjoyment of sprint interval exercise. Med. Sci.
Sports Exerc. 47, 1052-1060. doi: 10.1249/MSS.0000000000000494

Svebak, S., and Murgatroyd, S. (1985). Metamotivational dominance: a
multimethod validation of reversal theory constructs. J. Pers. Soc. Psychol. 48,
107-116.

Tabata, I. (2019). Tabata training: one of the most energetically effective high-
intensity intermittent training methods. J. Physiol. Sci. 69, 559-572. doi: 10.
1007/s12576-019-00676-7

Townsend, L. K., Islam, H., Dunn, E., Eys, M., Robertson-Wilson, J., and Hazell,
T. J. (2017). Modified sprint interval training protocols. Part II. Psychological
responses. Appl. Physiol. Nutr. Metab. 42, 347-353. doi: 10.1139/apnm-2016-
0479

Tremblay, M. S., Colley, R. C., Saunders, T. J., Healy, G. N., and Owen, N. (2010).
Physiological and health implications of a sedentary lifestyle. Appl. Physiol.
Nutr. Metab. 35, 725-740. doi: 10.1139/H10-079

Tritter, A., Fitzgeorge, L., Cramp, A., Valiulis, P., and Prapavessis, H. (2013). Self-
efficacy and affect responses to sprint interval training. Psychol. Sport Exerc. 14,
886-890.

Trost, S. G., Owen, N., Bauman, A. E., Sallis, J. F., and Brown, W. (2002). Correlates
of adults’ participation in physical activity: review and update. Med. Sci. Sports
Exerc. 34,1996-2001.

Vollaard, N., Metcalfe, R., and Williams, S. (2017). Effect of number of sprints in
a SIT session on change in VOy,4y: @ meta-analysis. Med. Sci. Sports Exerc. 49,
1147-1156. doi: 10.1249/MSS.0000000000001204

Way, K. L., Sultana, R. N., Sabag, A., Baker, M. K., and Johnson, N. A. (2019). The
effect of high Intensity interval training versus moderate intensity continuous
training on arterial stiffness and 24 h blood pressure responses: a systematic
review and meta-analysis. J. Sci. Med. Sport 22, 385-391. doi: 10.1016/j.jsams.
2018.09.228

Wen, D., Utesch, T., Wu, J., Robertson, S., Liu, J., Hu, G., et al. (2019). Effects of
different protocols of high intensity interval training for VOy4x improvements
in adults: a meta-analysis of randomised controlled trials. J. Sci. Med. Sport 22,
941-947. doi: 10.3390/ijerph16224524

Weston, M., Taylor, K. L., Batterham, A. M., and Hopkins, W. G. (2014). Effects of
low-volume high-intensity interval training (HIT) on fitness in adults: a meta-
analysis of controlled and non-controlled trials. Sports Med. 44, 1005-1017.
doi: 10.1007/s40279-014-0180-z

Wilke, J., Kaiser, S., Niederer, D., Kalo, K., Engeroff, T., Morath, C., et al. (2019).
Effects of high-intensity functional circuit training on motor function and sport
motivation in healthy, inactive adults. Scand. ]. Med. Sci. Sports 29, 144-153.
doi: 10.1111/sms.13313

Wood, K. M., Olive, B., LaValle, K., Thompson, H., Greer, K., and Astorino,
T. A. (2016). Dissimilar physiological and perceptual responses between sprint
interval training and high-intensity interval training. J. Strength Cond. Res. 30,
244-250. doi: 10.1519/JSC.0000000000001042

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Hu, Jung, Nie and Kong. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org

March 2022 | Volume 13 | Article 820228


https://doi.org/10.1080/02640414.2018.1430984
https://doi.org/10.1080/02640414.2018.1430984
https://doi.org/10.1371/journal.pone.0197124
https://doi.org/10.1519/JSC.0000000000002154
https://doi.org/10.1519/JSC.0000000000002154
https://doi.org/10.1007/s12160-015-9704-5
https://doi.org/10.1016/S0140-6736(16)30581-5
https://doi.org/10.1080/02701367.2020.1817293
https://doi.org/10.1080/02701367.2020.1817293
https://doi.org/10.1038/ijo.2013.102
https://doi.org/10.3389/fpsyg.2020.568331
https://doi.org/10.3389/fpsyg.2020.568331
https://doi.org/10.1080/17437199.2017.1326011
https://doi.org/10.1249/MSS.0000000000001671
https://doi.org/10.1249/MSS.0000000000000494
https://doi.org/10.1007/s12576-019-00676-7
https://doi.org/10.1007/s12576-019-00676-7
https://doi.org/10.1139/apnm-2016-0479
https://doi.org/10.1139/apnm-2016-0479
https://doi.org/10.1139/H10-079
https://doi.org/10.1249/MSS.0000000000001204
https://doi.org/10.1016/j.jsams.2018.09.228
https://doi.org/10.1016/j.jsams.2018.09.228
https://doi.org/10.3390/ijerph16224524
https://doi.org/10.1007/s40279-014-0180-z
https://doi.org/10.1111/sms.13313
https://doi.org/10.1519/JSC.0000000000001042
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

	Affective and Enjoyment Responses to Sprint Interval Training in Healthy Individuals: A Systematic Review and Meta-Analysis
	Introduction
	Methods
	Eligibility Criteria
	Studies Selection and Data Extraction
	Risk of Bias
	Analysis

	Results
	Study Characteristics
	Affective Responses
	Enjoyment Responses

	Discussion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


