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ABSTRACT

Sprint interval training (SIT) is promoted as a time-efficient method for improving maximal aerobic capacity (VO,max); however,
the “classic” protocol (4-6x 30-s all-out sprints) is less time-efficient than claimed, may be poorly tolerated, and is expected to
lead to low adherence. The present study examined the effect of the number of sprint repetitions per session on training-induced

changes in VOzmaX through meta-analysis of the available literature. PubMed and Web of Science were searched (May 2016—

September 2024) for eligible studies involving > 2weeks of training involving repeated all-out cycling with pre- and post-training

VO,max data. Forty-four eligible studies were combined with 34 studies from a previous meta-analysis, totalling 93 trials across
78 studies (n =1188). A hierarchical random-effects meta-regression model was used to assess the influence of key moderators on
the change in VO,max. SIT produced an 8.3% increase in VO,max (95% CrI: 7.0 to 9.5%). Increasing sprint repetitions showed a
trivial association with changes in VO,max (—0.04% per additional sprint, 95% CrI: —0.32 to 0.24%). Increasing intervention dura-

tion was associated with the largest improvements in VOzmaX (0.7% per additional week; 95% CrI: 0.3 to 1.0%). The present study

confirms that increasing sprint repetitions does not meaningfully enhance VO,max improvements in untrained populations. As

performing fewer sprint repetitions increases time-efficiency and attenuates reductions in affect, future research into interven-
tions for improving general health in physically inactive populations should focus on low-volume SIT protocols.
Trial Registration: PROSPERO database (registration number CRD42022349104)

1 | Introduction

A large proportion of individuals worldwide do not meet current
physical activity (PA) recommendations based on moderate- or
vigorous-intensity continuous exercise (MICT) [1, 2]. While lack
of time is frequently cited as a barrier to participation [1-3], it is
also recognized that behavioral, environmental, and motivational
factors play an important role in determining exercise engagement
[4]. As such, identifying exercise strategies that are both effective

and feasible remains an important goal for improving population
health. This has led to an increased focus on identifying effective
but time-efficient alternative exercise interventions for improv-
ing health, such as (sub-)maximal high-intensity interval train-
ing (HIIT) and supramaximal sprint interval training (SIT). In a
number of meta-analyses, HIIT and SIT have been shown to be
effective at improving the key health marker of maximal aerobic
capacity (VO,max). The importance of VO,max for health is em-
phasized by multiple studies [5-9] showing that every 1-metabolic
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equivalent (MET; ~3.5mLkg'min~?) increase in VO,max is as-
sociated with a reduced risk ranging from 12%-35% of all-cause
mortality in men and women. Improvements in VO,max fol-
lowing SIT are often comparative to those achieved with MICT,
along with other important health markers such as blood pressure,
blood lipids, and insulin sensitivity, although not consistently
greater across all studies [10-15]. Despite its efficacy, the practical
relevance of SIT has been widely disputed. Much of this criticism
has been directed at “classic” SIT involving protocols involving
4-6x30-s all-out sprints, which may be perceived as physically
demanding and unpleasant [16, 17]. In addition, most SIT studies
have been conducted using cycle ergometers capable of delivering
supramaximal resistance, which may limit the generalisability
of findings to settings without access to specialized equipment
[18]. Furthermore, although SIT is frequently promoted as a time-
efficient exercise strategy, the extent to which reducing training
time alone is sufficient to improve adherence remains unclear.

These considerations have led to increased interest in identifying
lower-volume SIT protocols that retain physiological benefit while
potentially improving feasibility [18]. For example, we and oth-
ers have shown that the reduced-exertion high-intensity interval
training (REHIT) protocols involving as few as two 20-s all-out
sprints [19-26] or three 20-s all-out sprints [27-32] within a 10-min
low-intensity cycling session. This raises an important question re-
garding the dose-response relationship of SIT: does increasing the
number of sprint repetitions within a session enhance the adaptive
response, or is there a minimum effective dose beyond which ad-
ditional work provides little benefit?

No studies investigating the effects of the classic SIT protocol
have provided a specific justification for the use of 4-6x30-s
all-out sprints [33]. A previous meta-analysis from our group re-
ported that reducing the number of sprint repetitions did not at-
tenuate improvements in VO, max [34]. This finding is important,
as reducing the number of sprint repetitions has a large effect on
total training time commitment, making the exercise more time-
efficient [18]. Reducing the number of sprints also substantially
attenuates the reduction in affective valence during exercise,
making the exercise less unpleasant and more acceptable [35].
However, the previous meta-analysis was limited by the relatively
small number of studies employing low-volume protocols. Since
then, the number of available studies has increased substantially,
providing an opportunity to re-examine the question. In addition,
the previous meta-analysis employed Magnitude-Based Inference,
an approach that has subsequently been the subject of considerable
methodological debate regarding the interpretation of uncertainty
and statistical evidence [36-39] Therefore, the objective of the pres-
ent meta-analysis was to determine whether increasing the num-
ber of sprint repetitions within a SIT exercise protocol enhances
the improvements in VO,max in untrained individuals, using a
robust statistical analysis approach.

2 | Materials and Methods
2.1 | Literature Search and Screening Process
This study has been registered on the PROSPERO database

(registration number CRD42022349104) and was carried out
in accordance with the guidelines of Preferred Reporting

Items for Systematic Reviews and Meta-Analyses [40]. Online
databases Web of Science and PubMed were searched for rel-
evant journal articles with a date range from 01/05/2016 to
30/09/2024—articles from prior to 01/05/2016 were taken
from the previous meta-analysis [34]. The search strategy
combined independent variable terms such as “Wingate”, “all-
out”, “sprint” and “interval training” with dependent variable
terms including “fitness”, “aerobic capacity”, “aerobic power”,
“VO,max”, “VO,peak”, “oxygen uptake” and “oxygen con-
sumption”. These were combined using Boolean logic (“AND”,
“OR”), resulting in a total of 28 search term combinations. The
full search strategy, including all Boolean combinations and
search terms, is provided verbatim in File S1 to ensure repro-
ducibility. Study selection was guided by PICOS criteria relat-
ing to population (untrained adults), intervention (repeated
all-out cycling sprints), comparator (pre-post design or control
group), outcome (VOzmax), and study design (experimental
studies). Studies were excluded if: (1) exercise was not all-out,
sprints were < 10s, or intervention duration was < 2weeks, (2)
participants involved clinical populations or athletes, (3) mean
participant age was < 18years or mean baseline VO,max was
>55mLkg 'min~!, (4) the exercise intervention involved any
exercise other than cycling or used SIT in conjunction with an-
other intervention, (5) publication type was a review, letter, or
commentary, or (6) the manuscript was not written in English.
Studies involving < 10s sprints were excluded to ensure con-
sistency in the training stimulus, as shorter sprint protocols
(e.g., repeated sprint training or Tabata-style exercise) are
characterized by different physiological demands and work:
rest structures compared to traditional SIT.

After the removal of 6599 duplicates, the titles and abstracts of
11459 journal articles were independently screened for eligibil-
ity using systematic review software Rayyan [41] by two authors
(MH, NBJV) who were blinded during this part of the screening
process. Full-text versions of the 337 remaining potentially eli-
gible articles were reviewed for inclusion into the meta-analysis
(Figure 1). The authors were then unblinded and any discrep-
ancies during the screening process were resolved through dis-
cussion. If the dispute(s) could not be resolved, a third reviewer
(RM) was used to determine the final decision. The final data
set of 44 studies selected for inclusion from the literature search
in this study was combined with the studies compiled from a
previous meta-analysis on the same topic [34]. The previous
meta-analysis contained 34 studies from all years up to May 1,
2016, using an identical search strategy. This resulted in a com-
bined data set of 78 studies for the present systematic review and
meta-analysis.

2.2 | Data Extraction

To enable the integration of studies identified in the previous
meta-analysis [34], with newly identified studies, the data ex-
traction procedures used in the present review were largely
consistent with those applied previously. All included articles
were assessed for mean absolute pre- and post-training VO,max
(Lmin~') as opposed to relative VO,max (mLkg'min™).
Absolute VOzmax values were prioritized where available; how-
ever, both absolute and relative values were included, as propor-
tional changes were analyzed, allowing comparability across
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Previous studies

Identification of new studies via databases and registers

Studies included in previous version of
review (n = 34)

Records identified from:
Databases (n = 18,058)

Reports removed before screening:
Duplicate records (n = 6,599)

Identification

Records screened
(n=11,459)

Records excluded
(n=11,122)

Reports sought for retrieval
(n=337)

Reports not retrieved
(n=0)

Screening

Reports excluded:
Not SIT (n = 117)

Not all-out (n = 76)
Non-training study (n = 26)
VO2max not measured (n = 14)
Non-cycling (n = 13)
Athletes (n = 8)

Reports assessed for eligibility
(n=337)

Patients (n = 7)
<10 s sprints (n = 7)

Wrong study design (n = 6)
Duplicate VO2max values (n = 5)
SIT + Intervention (n = 5)
Abstract only (n = 4)
VO2max >55 ml/kg/min (n = 2)
Duplicate (n = 2)
Spanish (n = 1)

New studies included in review
(n = 44)

Included

FIGURE1 | PRISMA flow diagram of the study selection process.

units. As 24 of the 44 new included studies were missing mean
absolute VOzmaX data, the authors were contacted to request
this data. Nine of the 24 authors contacted were able to provide
the requested missing data [22, 23, 32, 42-47]. Relative VOzmaX
was used for 13 studies where absolute VO, max could not be
obtained [25, 26, 48-58]. Plot digitizer software (PlotDigitizer;
Version 3.1.6) was used to obtain relative VO,max [14] and ab-
solute VO,max [31] from the two remaining published journal
articles where the relevant values were not stated and could
not be obtained. Participant characteristics (sex, age, BMI, and

l

Total studies included in review
(n=78)

baseline VOzmax), exercise intervention variables (minimum
and maximum number of sprint repetitions per exercise ses-
sion, sprint duration, sprint resistance, sprint/recovery ratio,
intervention duration, training frequency per week, and total
number of sessions), and study design (controlled, uncontrolled)
were extracted from each study as potential moderators. For cal-
culation of proportional changes, if the spread of the data was
reported using standard error of the mean (SEM), this was con-
verted to standard deviation (SD) by multiplying the SEM by the
square root of the sample size [59].
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3 | Statistical Analysis
3.1 | Effect Size Calculation

Training responses were quantified as log-transformed propor-
tional changes in VO, max:

i = 1o (Post)
Y £ Pre

Sampling variances were calculated using pre- and post-
intervention SD and an imputed pre-post correlation of r=0.90,
based on pre-post correlation scores typically observed in sim-
ilar exercise intervention studies carried out in our laboratory.
Sensitivity analyses were conducted using r=0.95 and r=0.85
to confirm that results were not meaningfully influenced by this
assumption.

3.2 | Statistical Model

The Bayesian analysis reporting guidelines [60] were fol-
lowed to provide transparency and reproducibility of the
steps carried out throughout the present study. The overall
effect of sprint interval training on changes in VOZmaX was
assessed using a Bayesian hierarchical random-effects meta-
regression model, which was fit using the brms (v2.22.0)
[61] package within the statistical computing software R
(v.4.3.2, R Core Team [62]). Random intercepts for study
and effect nested within-study were included to account for
non-independence of multiple effects within studies. Weakly
informative priors were used as recommended by the devel-
opers of the Stan probabilistic language upon which brms is
based [63], and model diagnostics confirmed appropriate con-
vergence and fit (Figure S1). Full details of model structure,
model priors, and sensitivity analyses are reported in File S1.
All R scripts and data required to reproduce the analysis are
available at: https://github.com/matthutch95/SIT_VO2max_
Reproducibility.git.

Study parameters and participant characteristics were added
as moderators to the model to assess the influence they each
had on the overall pooled effect size. The following moderators
were included: number of sprint repetitions, sprint duration
(s), intervention duration (weeks), work: rest ratio, baseline
relative VO,max (mLkg'min™!), age (y), weekly training
frequency, sex (% male), BMI (kg m~2), and study design (con-
trolled vs. non-controlled). All continuous moderators were
mean-centred prior to analysis to allow interpretation of the
intercept as the expected effect at average moderator values.
Total weekly sprint time was calculated as sprint repeti-
tions X sprint duration X weekly session frequency, which was
run in a separate model to avoid issues with multicollinearity.
BMI was examined in a secondary sensitivity analysis due to
missing data. All model estimates are reported as posterior
means with 95% credible intervals (Crls) where the true ef-
fect is estimated to lie with 95% probability [64]. Conditional
effects plots were used to visualize the relationships between
effect size and the moderators.

3.3 | Risk of Bias

A funnel plot was created to visually assess the risk of publica-
tion bias. Egger's test was conducted to assess the asymmetry
observed in the funnel plot. To further evaluate the potential
impact of small-study effects, the trim-and-fill method was
applied using a random effects model to estimate the num-
ber of potentially missing studies and to obtain an adjusted
pooled effect size. These analyses were conducted using the
metafor [65] package in R. Within-study risk of bias was evalu-
ated using the Cochrane Risk of Bias V.2.0 tool [66]. To reduce
subjective bias and increase the accuracy of the process, two
reviewers (MH, NBJV) evaluated the studies independently,
with discrepancies discussed after the completion of the as-
sessment. If the discrepancies could not be resolved through
discussion, a third reviewer (RM) was used to provide a final
judgment on the rating. Risk of Bias was evaluated across 5
domains: the randomization process, deviations from the in-
tended interventions, missing outcome data, measurement
of the outcome, and selection of the reported result. The RoB
V.2.0 for crossover trials tool [67] was used for any studies that
implemented a crossover study design. This tool contains one
additional domain: risk of bias arising from period and carry-
over effects. The Risk of Bias in Non-randomized studies of
Interventions, Version 2 (ROBINS-I V2, 2024; 7 domains) [68]
was used for any studies where participants were not random-
ized to their intervention.

3.4 | Sensitivity Analyses

Given the relatively large number of included studies, the poste-
rior estimates were expected to be largely driven by the observed
data rather than the prior distributions. To confirm this, a prior
sensitivity analysis was performed using wider priors, and the
resulting posterior estimates were compared [69, 70] (File S1).
A sensitivity analysis was carried out by removing 4 outlier data-
sets that contained > 10 sprint repetitions, as all these datasets
involved short (10-155s) sprints.

4 | Results

Data from 78 studies (93 trials; n =1188) are shown in Table 1. On
average, SIT was associated with an 8.3% increase in VOZmax
(95% Crls: 7.0 to 9.5%; Figure 2). Between-study heterogeneity
was small (t,,,,,,.,=0.018; 95% CrI=0.002-0.031; Figure S2b).
Within-study variability (t;;;, =0.011; 95% CrI=0.0005-0.027)
was also small. Visual inspection of the funnel plot (Figure 3)
did not suggest clear asymmetry. This was supported by Egger's
regression test, which showed no evidence of small-study effects
(z=-0.24, p=0.81). The trim-and-fill analysis estimated that
no studies were missing, and the pooled effect size remained
unchanged following adjustment (8.3%, 95% Crl: 7.0% to 9.5%).
Together, these findings suggest no evidence that small-study ef-
fects influenced the results of the present meta-analysis. Model
estimates are presented in Table S1. Summary statistics for in-
cluded moderators are presented in Table 2. Estimated changes
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FIGURE2 | Estimated change in VO,max following SIT across included studies. Letters A, B, and C used in study labels denote different datasets

from within the same study.

in VO,max across meaningful moderator changes are presented
in Table 3. File S1 contains tables and figures from model di-
agnostic checks and sensitivity analyses. Posterior estimates
were virtually identical when using wider priors, indicating that

the results were entirely data-driven and not meaningfully in-
fluenced by prior specification (Table S2). Table S3 shows the
results of the sensitivity analysis, which excluded 4 outlier stud-
ies for sprint repetitions atypical to SIT interventions; overall
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TABLE 2 |
meta-regression.

Summary statistics of moderators included in the

Moderator Mean = SD Min Max
Age (years) 27.5+8.8 20 64.3
Baseline VO,max 39.3+7.1 21.6  53.5
(mLkg'min™1)

BMI (kgm~2) 25.2+2.4 21 35.7
Number of sprints 6+3 2 24
Intervention duration 5+2 2 12
(weeks)

Weekly session frequency 3+0.5 2 5
(sessionsweek ™)

Work: rest ratio 0.134+0.062 0.03 0.5
Total weekly sprint time 431+£226 60 960

(sweek™1)

interpretations remain unchanged. Sensitivity analyses using
alternative imputed pre-post correlation coefficients (r=0.85
and r=0.95) also produced near-identical estimates, indicat-
ing that the results were not meaningfully influenced by the
assumed correlation. Equivalent frequentist models produced
near-identical estimates (data not shown), and the R scripts and
data required to reproduce the analysis are available at: https://
github.com/matthutch95/SIT_VO2max_Reproducibility.git.

The risk of bias analysis indicated that there was a moderate risk
of bias overall. This result was largely determined by “some con-
cerns” in three of the seven domains (Selection of the reported

| Funnel plot of 93 study effect sizes (black circles). The vertical black dashed line represents the estimated pooled estimate, and the

result, Measurement of the outcome, and Randomization pro-
cess; File S1 and Figure 4a-c) assessed across the three risk of
bias tools. The issues within the three domains were due to lack
of study preregistration, non-blinding of the outcome assessors,
and the absence of randomization in some studies. Individual
study results from the three risk of bias analysis tools can be
seen in File S1 and Figure 4d,e.

Figure 4a illustrates the association between the number of
sprint repetitions and changes in VOZmaX. Estimates were cen-
tred near zero, indicating a trivial negative association (—0.04%
per additional sprint; 95% CrI: —0.32% to 0.24%), with uncer-
tainty spanning both small positive and negative values. For ex-
ample, an increase of four sprints corresponds to an estimated
change of approximately —0.2%, which is trivial in magnitude.
Figure 4b displays the results of a sensitivity analysis in which
atypical SIT protocols incorporating >10 sprints per session
were excluded (n=4). Removing these studies resulted in a
slightly larger pooled estimate (8.5%, 95% CrI: 7.2% to 9.7%) and
a weaker association between sprint repetitions and changes in
VO,max (—0.01% per sprint; 95% Crl: —0.43% to 0.41%). However,
estimates remained centred around zero with substantial uncer-
tainty, and the overall interpretation remained unchanged.

Each additional week of SIT (Figure 5a) was associated with
a small, positive change in VO,max (0.7% per week; 95%
Crl: 0.3% to 1.0%). Conversely, age (Figure 5b) and baseline
VO,max (Figure 5c) showed a trivial negative association
(=0.09% per year; 95% CrI: —0.20% to 0.02% and —0.09% per
mLkg'min~!; 95% Crl: —0.25% to 0.06%, respectively), al-
though credible intervals spanned both negative and positive
values, indicating no consistent directional association. For
sprint duration (0.03% per second; 95% CrI: —0.09% to 0.15%;
Figure 5d), training frequency (1.19% per session week™!; 95%
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TABLE 3 | Estimated changesin V'Ozmax over meaningful moderator changes.

Moderator Contrast used

Estimated change in VOzmax (%) 95% Crl (%)

Sprint repetitions +2 sprint repetitions

Sprint duration +10s sprint duration
Intervention duration
Training frequency +1 session week ™!
Male participants +10 percentage-points male
Age +10years
Baseline VO,max
Work: rest ratio +2 SD work: rest ratio (0.123)
BMI +2 SD BMI (4.9kgm~2)

Total weekly sprint time +120sweek™!

+4weeks intervention duration

+3.5mLkg ' min~! baseline VO,max (1 MET)

-0.09 —0.64 t0 0.48
0.29 —0.92 to 1.55
2.69 1.25t04.19
1.19 —0.41 to 2.77

-0.09 —0.38t00.20

—0.89 —1.94 t0 0.16

—0.32 —0.86t00.21
0.03 —0.89t00.96
0.07 —2.07to 2.14

-0.01 —0.49t00.48

Note: Values represent estimated percentage changes in VO,max associated with practically meaningful moderator contrasts. Work: rest ratio and BMI were
interpreted over 2 SD due to the absence of clearly defined practical units. BMI estimates were derived from a sensitivity model due to missing BMI data (n=73).
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FIGURE4 | Association between the number of sprint repetitions per training session and changes in VO,max, including (A; n=93) and exclud-

ing (B; n=389) studies implementing > 10 sprints per session.

Crl: —0.41% to 2.77%; Figure 5e), BMI (0.01 per kgm=2; 95%
Crl: —0.43% to 0.44%; Figure 5f), work: rest ratio (0.24%; 95%
Crl: —7.03% to 8.09%; Figure 5g), sex (—0.92%; 95% Crl: —3.74%
to 2.02%; Figure 5h), and study design (0.40%; 95% CrI: —1.25%
to 2.06%; Table S1) estimated associations were highly uncer-
tain, with credible intervals spanning positive and negative
values. As such, these variables do not show a consistent di-
rectional association with changes in VO,max. Figure 6 illus-
trates the association between total weekly sprint time and
changes in VOZmaX (=0.0001%; 95% CrI: —0.004% to 0.004%).
Estimated changes were trivial and uncertain, with credible
intervals spanning both positive and negative values, indicat-
ing no consistent directional association.

5 | Discussion

The main aim of the present study was to provide a robust esti-
mate for the modifying effect of the number of sprint repetitions
per training session in SIT protocols on the training-induced
increase in VO,max in untrained individuals. The present
study extends the previous meta-analysis [34] in two ways: (1)
by employing a Bayesian hierarchical modeling framework,
and (2) improving statistical power by more than doubling the
number of trials included in the analysis. Magnitude-Based
Inference has been the subject of considerable methodologi-
cal debate. Critics have raised concerns regarding its statisti-
cal properties, including the potential for inflated Type I error
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rates and the interpretation of uncertainty estimates [36-38].
Whereas others have argued that it represents a valid Bayesian
approach for making inferences about interval hypotheses
and practical significance [39]. The present study adopted a
Bayesian hierarchical modeling framework that directly quan-
tified uncertainty through posterior distributions and credi-
ble intervals, while allowing the inclusion of nested random
effects and multiple moderators within a single model. Using
data from 78 studies with 93 trials, involving a total of n=1188
participants, we extend previous findings [34] by showing that
increasing the number of sprint repetitions in a SIT protocol
is not associated with meaningful additional improvements
in VOzmaX. Consistent with Vollaard, Metcalfe and Williams
[34], estimates in the present analysis also suggested a nega-
tive association between sprint repetitions and improvements
in VOZmaX. However, the magnitude of this association was
trivial and highly uncertain, with credible intervals spanning
both negative and positive values, reinforcing the broader con-
clusion that increasing sprint repetitions does not meaning-
fully augment training adaptations. To aid interpretation of the
meta-regression findings, model estimates were translated into
practically meaningful moderator changes. Increasing inter-
vention duration by four weeks was associated with the largest
estimated improvement in VOzmax (2.7%), whereas increas-
ing the number of sprints by two was associated with a trivial
change (—0.09%). This supports the interpretation that extend-
ing the training intervention may be more influential than in-
creasing the number of sprint repetitions within individual SIT
sessions. Other moderators, including sprint duration, training
frequency, baseline VO, max, sex distribution, work: rest ratio,
total weekly sprint time, and BMI, showed small or uncertain
associations when expressed over meaningful contrasts, with
credible intervals spanning both positive and negative values.
Taken together, these findings indicate that reducing the num-
ber of sprint repetitions does not meaningfully attenuate im-
provements in VOZmaX. This is clinically important given the
substantial evidence showing that VO,max is among the most
powerful independent predictors of all-cause and cardiovascu-
lar mortality [117]. The practical implication of our finding is

that reducing the number of sprint repetitions while maintain-
ing worthwhile improvements in VO, max may have potential
implications for the feasibility and acceptability of low-volume
SIT. For example, whereas the classic SIT protocol involving
4-6x30-s sprints takes ~30 min to complete [92, 100, 104, 118],
a REHIT session involving 2 X 20-s sprint repetitions takes just
10min [20, 21]. Additionally, performing fewer sprint repeti-
tions has been shown to attenuate the drop in affective valence
during SIT [35]. Taken together with the present finding that
reducing sprint repetitions does not compromise improve-
ments in VO,max, this suggests that low-volume SIT may
represent a viable approach to improving health. However,
the present analysis did not directly assess perceptual or be-
havioral responses, and these implications should therefore be
interpreted with caution. Since improvements in VO,max are
most commonly achieved through regular structured exercise,
the significance of developing alternative interventions that
promote greater adoption to regular exercise remains an im-
portant priority.

The mechanisms underlying adaptations to SIT are not fully
understood. The present analysis showed that the estimated
effect of sprint repetitions was centred close to zero, indicat-
ing little change in VO, max per additional sprint. Importantly,
this estimate reflects the average change per additional sprint
around the mean number of sprints performed across studies,
rather than being relative to a specific reference point (e.g.,
two sprints). As such, the present model does not allow direct
inference regarding the minimum number of sprints required
to elicit adaptations. Previous work has proposed that a sub-
stantial portion of the adaptive stimulus may be achieved with
just two sprints supramaximal efforts. For example, rapid gly-
cogen depletion during initial sprints has been suggested to
trigger signaling pathways associated with aerobic adaptation
[34], with evidence indicating that glycogenolysis is markedly
reduced after two supramaximal sprints [119]. This early met-
abolic disturbance may also contribute to a disruption of circu-
latory homeostasis, providing a stimulus for increases in blood
volume, which has been proposed as a key central adaptation
underlying improvements in VOzmax following SIT [34, 73].
It was also suggested that release and activation of glycogen-
bound 5'-AMPK associated with glycogenolysis could trigger
signaling pathways associated with peripheral adaptations
such as mitochondrial biogenesis and enhanced oxidative ca-
pacity, contributing to aerobic adaptations [34]. Thus, perform-
ing more than 2 sprint repetitions may not further activate key
signaling processes required for training adaptations, but will
make the training session longer, more tiring, and more un-
pleasant. In line with this, the present findings indicate no
clear dose-response relationship between the number of sprint
repetitions per session and improvements in VOzmaX, suggest-
ing that additional sprint repetitions may provide limited in-
cremental benefit. However, a minimum effective does (e.g.,
two sprints) cannot be directly inferred from the current anal-
ysis and therefore remains to be determined. The minimum ef-
fective dose of SIT remains uncertain, to our knowledge, only
one study has investigated the effect of a single all-out sprint
in a SIT intervention [120], reporting no significant change in
VO,max in the training group. Combined with the absence of
a clear dose-response relationship in the present analysis, this
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highlights the need for further research to define the lower
boundary of the dose-response curve.

The present findings suggest that, of the exercise protocol param-
eters examined, intervention duration showed the clearest pos-
itive association with changes in VO,max following SIT. Each
additional week of training was associated with an estimated
increase of 0.7% in VO,max, and when expressed over a prac-
tically meaningful change (e.g., four weeks) this corresponds
to an increase of ~2%-3%. However, it should be noted that the
model assumes a linear relationship between intervention dura-
tion and changes in VO,max, whereas a plateau in adaptation is
likely to occur over time. Although the majority of studies only
measure VO,max pre- and post-intervention, numerous studies
have assessed the time-course of changes in VO,max. Some of
these have observed progressive increases in VOzmaX over time
[27, 30, 94], but others [92, 97, 115] support comments by Sloth
et al. [11] in their previous meta-analysis, that some of the ad-
aptations to SIT occur in the early stages of training and that
the magnitude of improvements taper off. The reasons for the
contrasting results are unclear. Conceptually, over short training
periods there must be an effect of intervention duration while
VO,max improves from baseline. However, in time, the rate of
improvements will slow, and a “plateau” may be reached with
no further improvements in VOzrnax [121], thus eliminating the
ongoing positive effect of intervention duration. To date, it is un-
known if, and when such a plateau will occur with different SIT
protocols. As the longest intervention duration we identified in
the current study is 12weeks [27, 30, 31], further research explor-
ing longer duration SIT interventions may help to determine the,
presumably curvilinear, association between intervention dura-
tion and the magnitude of VO, max response.

One limitation to the findings of the present study relates to the
potential for small-study effects. While visual inspection of the
funnel plot did not suggest meaningful asymmetry, and this
was supported by a non-significant Egger's regression test, it is
acknowledged that funnel plot-based methods have limitations
and cannot definitively exclude bias [122, 123]. Sterne et al. [123]
suggest the use of the term “small-study effects” as an alterna-
tive way of describing the observed trend as there are a range
of influences that may contribute to these small-study effects
such as outcome reporting bias, heterogeneity between studies,
or other sources beyond publication bias alone [122]. There are
limitations in relation to the review processes used in the present
study as only PubMed and Web of Science were searched, while
gray literature was not included, which may have contributed to
the risk of publication bias. Missing VO,max data was extracted
using digitisation software, which may have introduced error.
Furthermore, sampling variance calculations required impu-
tation of a pre-post correlation coefficient (r=0.90), although
sensitivity analyses with different values suggested the findings
were robust to this assumption. Additionally, the inclusion of
non-controlled studies may have contributed to increased hetero-
geneity and potentially produced wider uncertainty in model esti-
mates compared with analyses limited to randomized-controlled
trials. An additional limitation is that studies implementing
sprint durations < 10s were excluded. This decision was made to
maintain a relatively homogeneous definition of SIT centred on
repeated all-out Wingate-type efforts and to minimize overlap
with other forms of interval training that often employ very short

sprint durations, such as RST, Tabata-style exercise or approaches
such as the 10-20-30 method. However, this exclusion criterion
may have influenced the generalisability of the findings, as proto-
cols using sprint durations < 10s may differ in their physiological
demands, recovery structure, and intended training outcomes,
and may therefore elicit somewhat different physiological adap-
tations. Consequently, the present findings should be interpreted
as applying specifically to SIT protocols involving all-out sprints
of >10s duration and should not be extrapolated to other forms
of sprint-based interval training. Moreover, the present study fo-
cused solely on VO,max as an outcome measure. Therefore, the
finding that increasing sprint repetitions shows no consistent as-
sociation with changes in VO,max cannot be generalized across
other important health markers such as blood pressure, body
composition, blood lipid profiles or insulin sensitivity. There is
a need for studies involving larger sample sizes, but we restate
our previous recommendation [33] to focus on SIT protocols in-
volving fewer/shorter sprints in these studies. Even if publication
bias/small-study effects may have masked a small but significant
positive effect of the number of sprint repetitions on improve-
ments on VO,max, the combination of effectiveness at improving
key health markers [20, 22, 27, 28, 124] and measures of accept-
ability [19, 35, 125] suggests that low-volume SIT protocols like
REHIT may represent more practical candidates for real-world
implementation compared to classic SIT protocols.

In conclusion, using a more robust statistical approach and a
larger dataset, we extend previous findings by corroborating the
negative direction of the association between sprint repetitions
and improvements in VOzmax reported by Vollaard, Metcalfe,
and Williams [34]. However, the estimated magnitude of this
association was trivial and highly uncertain, providing little
evidence that performing additional sprint repetitions mean-
ingfully enhances training-induced improvements in VO,max.
These findings support the use of lower-volume SIT protocols
as an efficient approach to improving cardiorespiratory fitness
and highlight the need for future research to identify the mini-
mum effective dose for maximizing health benefits. The present
findings suggest that low-volume SIT protocols should be prior-
itized in future research examining their real-world implemen-
tation as interventions for improving general health in inactive
populations.

6 | Perspective

The present systematic review and meta-analysis provides
timely and clinically relevant evidence for informing exercise
medicine and public health practice. While prior syntheses
have established SIT as an effective exercise intervention to im-
prove VO,max, concerns have persisted regarding tolerability
and time-efficiency, along with the absence of clear physiologi-
cal justification for the most commonly used “classic” SIT pro-
tocol (4-6 x 30s sprints). The present findings demonstrate that
increasing the number of sprint repetitions does not meaning-
fully augment improvements in VO, max in physically inactive
adults. This finding extends previous work [34] by providing
a more statistically robust and a stronger powered confirma-
tion that low-volume SIT protocols (2-3x20s sprints) achieve
comparable aerobic adaptations. Given the strong association
between VO,max and all-cause and cardiovascular mortality,
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even modest improvements are clinically important. The im-
plication for sports medicine is clear: reducing sprint volume
enhances time-efficiency and likely improves acceptability
without compromising physiological benefit. Therefore, future
intervention studies and real-world implementation strategies
should prioritize low-volume SIT as a pragmatic, scalable ap-
proach to improving cardiorespiratory fitness in untrained
populations.
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