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Results While there was a significant main effect 
of training on V̇O2peak such that V̇O2peak was elevated 
post-training, no significant difference was observed 
in the improvements observed between groups (ET 
~13 %, SIT 30–4 %, SIT 15–8 %). A significant main 
effect of training was observed such that lactate thresh-
old and critical power were higher during post-test-
ing across all groups (p < 0.05). There was a main 
effect of training (p < 0.05) on Wingate peak power 
with no differences observed between groups at post- 
training.
Conclusions Together, these results indicate that reducing 
SIT work-interval duration from 30 to 15 s had no impact 
on training-induced increases in aerobic or anaerobic 
power, or on increases in lactate threshold (absolute) and 
critical power.

Keywords Lactate threshold · Critical power ·  
V̇O2peak · Anaerobic power · Sprint interval training · 
Submaximal performance

Abbreviations
ANOVA  Analysis of variance
BMI  Body mass index
CO  Cardiac output
CP  Critical power
ET  Endurance training
HIT  High-intensity interval training
HR  Heart rate
PGC 1-α  Peroxisome proliferator-activated receptor 

gamma coactivator 1-alpha
RER  Respiratory exchange ratio
SIT  Sprint interval training
SV  Stroke volume
WR  Work rate

Abstract 
Purpose The present study examined the effect of reduc-
ing sprint interval training (SIT) work-interval duration on 
increases in maximal and submaximal performance.
Methods Subjects (n = 36) were assigned to one of three 
training groups: endurance training (ET; 60 min per session 
for weeks 1–2, increasing to 75 min per session for weeks 
3–4), or sprint interval training consisting of either repeated 
30 (SIT 30) or 15 (SIT 15) second all-out intervals (start-
ing with 4 bouts per session for weeks 1–2, increasing to 6 
intervals per session for weeks 3–4). Training consisted of 
cycling 3 times per week for 4 weeks.
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Introduction

High-intensity interval training (HIT) consists of brief-to 
moderate-duration intervals of high-intensity exercise work 
intervals separated by periods of active or passive recov-
ery (Laursen and Jenkins 2002). HIT is capable of induc-
ing similar adaptations in skeletal muscle oxidative capac-
ity and whole-body aerobic capacity as traditional constant 
load endurance training (ET; 30–90 min of steady-state 
exercise) in a fraction of the time and exercise volume/
energy expenditure (Gibala et al. 2006, 2012; McKay et al. 
2009). Sprint interval training (SIT), a subclass of HIT at 
the highest end of the intensity spectrum, involves “all-out” 
(i.e., maximal intensity) work intervals ranging from 10 to 
30 s separated by active recovery (Sloth et al. 2013). SIT 
also induces increases in aerobic capacity and performance 
that are comparable to ET (Gibala et al. 2006; Macpher-
son et al. 2011). In addition, SIT increases skeletal muscle 
glycolytic (MacDougall 1998a; Burgomaster et al. 2006; 
Barnett et al. 2004) and oxidative capacities (Burgomaster 
et al. 2005) along with elevating submaximal determinants 
of exercise performance including lactate threshold (Esfar-
jani and Laursen 2007).

Despite increasing evidence supporting the efficacy of 
SIT for improving fitness in laboratory settings, the safety 
of these supramaximal interval protocols has been ques-
tioned (Gaesser and Angadi 2011). Further, higher inten-
sities of exercise are associated with negative feelings and 
potentially low levels of exercise adherence (Ekkekakis 
et al. 2008). These practical limitations have inspired a 
limited number of attempts to optimize HIT and SIT with 
a focus on increased tolerability. Results from these stud-
ies suggest that: (1) reductions in work-interval inten-
sity reduce the increases in V̇O2peak but not skeletal mus-
cle mitochondrial enzymes induced by HIT (Boyd et al. 
2013), (2) decreasing training frequency decreases the 
increase in lactate threshold associated with SIT (Dalleck 
et al. 2010), and (3) reduced work-interval duration of “all 
out” SIT has no effect on the adaptation of either aerobic 
capacity or time-trial performance (Hazell et al. 2010). The 
latter result, where the duration of “all-out” intervals was 
reduced from 30 to 10 s without an accompanying decre-
ment in gains in aerobic performance (Hazell et al. 2010), 
is of particular interest as it suggests that brief periods of 
maximal power are sufficient to improve the mechanisms 
underlying aerobic performance (Bangsbo et al. 2009; 
Mohr et al. 2007).

The recruitment of type II fibers has long been known 
to accompany higher intensities of exercise (Gollnick et al. 
1974). During supra-maximal exercise (~200 % V̇O2peak),  
recruitment of type II fibers occurs rapidly (Vollestad 
et al. 1992) making it likely that complete type II fiber 
motor unit recruitment is achieved within the first 15 s of 

an “all-out” interval. Based on the demonstration that the 
oxidative capacity of type II fibers is highly sensitive to 
training (Russell et al. 2003; Shepherd et al. 2013), it seems 
reasonable to hypothesize that SIT training would improve 
coupling of glycolytic pyruvate flux and oxidative demand 
and reduce lactate production during submaximal exercise 
(Spriet et al. 2000). Thus, if brief periods of maximal power 
generation are sufficient to induce adaptations within type 
II fibers, these adaptations should be present following SIT 
consisting of both long-and short-duration intervals and be 
reflected in similar improvements in submaximal perfor-
mance [lactate threshold and critical power (i.e., the highest 
sustainable aerobic power output)].

Therefore, the purpose of this study was twofold: (1) to 
confirm that reductions in SIT work-interval duration do 
not result in reduced adaptations in aerobic and anaerobic 
capacity, and (2) to examine the effects of reduced work-
interval duration on submaximal determinants of exercise 
performance, namely lactate threshold and critical power. 
An endurance training protocol known to improve aerobic 
capacity and submaximal performance (Gibala et al. 2006) 
was also included as a positive control. In accordance with 
previous studies where aerobic capacity and aerobic per-
formance were measured (Burgomaster et al. 2008; Hazell 
et al. 2010), we hypothesized that reducing SIT work-
interval duration would have no effect on training-induced 
increases in lactate threshold and critical power.

Methods

Subjects

Thirty-six (n = 36) healthy males volunteered to partici-
pate in this study. Participant demographic and anthropo-
metric characteristics are given in Table 1. All subjects 
were recreationally active and none were participating in 
a structured training program at the time of recruitment. 
Subjects were asked to refrain from exercise, nutritional 
supplements, and caffeine for a minimum of 24 h prior 
to each testing day. The time required for the study, as 
well as the risks and testing procedures, was explained, 
in both verbal and written form, to each participant prior 
to obtaining informed consent. This study was approved 
by The Health Sciences Human Research Ethics Board at 
Queen’s University.

Study design

Prior to any baseline testing, all participants were given a 
laboratory familiarization period to orientate themselves 
with testing and training procedures. After obtaining 
anthropometric measures, participants performed three 
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exercise tests: V̇O2peak test (including lactate measures), 
Wingate test and Critical Power test. Following pre-testing, 
participants were randomly assigned to one of the three 
training groups: Endurance training (ET), or sprint inter-
val training consisting of either repeated 30 (SIT 30) or 15 
(SIT 15) second Wingates. Following randomization, par-
ticipants completed 4 weeks of cycle training, three ses-
sions per week. Post-testing followed the same protocol as 
pretesting and began within 48–72 h of the final training 
session (See Fig. 1 for study protocol summary). All exer-
cise testing and training were conducted using a friction-
braked cycle ergometer (Monark, Ergomedic 874E, Vans-
bro, Sweden).

Pre/post-testing procedures

Each test was performed in the same order, at the same 
time of day, and separated by 24 h. Testing consisted of 
three measures (Fig. 1), and was administered in the fol-
lowing order:

1. V̇O2peak/lactate threshold test

 Gas exchange V̇O2peak was assessed using a step-wise 
incremental exercise test (work rate was increased 
21 W every minute) to volitional fatigue, or to the point 
when participants were unable to maintain a cadence 

Table 1  Participant characteristics

a Significant difference in the change from pre-training in ET compared to both SIT 30 and SIT 15
b Significantly main effect of training

ET SIT 30 SIT 15

Pre Post Pre Post Pre Post

N 13 – 11 – 12 –

Age (years) 23 ± 3 – 23 ± 5 – 22 ± 2 –

Height (cm) 178 ± 6 – 179 ± 6 – 178 ± 5 –

Weight (kg) 80 ± 9 79.0 ± 9 79 ± 12 79.9 ± 12 82 ± 12 82.7 ± 12

Change in weight (kg) −0.46 ± 0.86a 0.69 ± 1.04 0.84 ± 1.56

BMI (kg/m2) 25 ± 3 – 25 ± 3 – 26 ± 3 –

Abs. V̇O2peak (ml/min)b 3,546 ± 518 3,988 ± 598 3,838 ± 311 4,039 ± 376 3,602 ± 807 3,868 ± 695

Peak power (W)b 299 ± 50 317 ± 49 311 ± 33 332 ± 26 292 ± 52 310 ± 46

HRpeak (bpm) 190 ± 7 186 ± 8 192 ± 8 190 ± 10 187 ± 11 190 ± 11

Lactate threshold (>1 mmol/L)b 199 ± 47 226 ± 67 194 ± 46 230 ± 40 201 ± 38 219 ± 39

Relative threshold (% V̇O2peak) 68 ± 8 72 ± 9a 67 ± 4 67 ± 7 69 ± 12 69 ± 6

Critical power (W) 227 ± 52 247 ± 52 233 ± 19 245 ± 30 211 ± 30 226 ± 35

Fig. 1  Overview of experimental protocol. SIT sprint interval training, ET endurance training. Numbers in boxes denote the number of intervals 
and the cycling times per week for the SIT and ET groups, respectively
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of 60 RPM. All participants achieved a respiratory 
exchange ratio (RER) above 1.1 and a peak heart rate 
(HR) within 10 beats of their age-predicted max at the 
completion of their V̇O2peak tests. Gas exchange and 
HR were measured using a metabolic cart (Moxus AEI 
Technologies, Interface Box, Pittsburgh, PA, USA). The 
metabolic cart was calibrated before each test using a 
syringe of known volume (3 L) and precision-analyzed 
gas mixtures. V̇O2peak and heart rate peak (HRpeak) were 
calculated by averaging the values for each parameter 
from the final 30 s of the incremental protocol. Peak O2 
pulse was calculated as absolute V̇O2peak divided by the 
HRpeak from the incremental protocol.

 Lactate analysis Fingertip capillary blood (~20 μL) 
was sampled at rest (baseline) and within the last 10 s 
of each successive 1-min stage during the V̇O2peak test 
using a Lactate Scout + (EFK Diagnostics, Magde-
berg, Germany). Lactate threshold was calculated 
using two different methods, both previously reported 
by Bishop et al. (1998): (1) the first recorded work rate 
(WR) with lactate >4 mmol/L, and (2) the WR preced-
ing a plasma lactate increase of >1 mmol/L.

2. Wingate test

 Wingate testing was completed ~24 h after the V̇O2peak 
test. Each Wingate test consisted of four 30-s intervals 
(7.5 % body weight), separated by 4.5 min of active 
recovery (loadless cycling). Participants were given 
a 5-s count down prior to increasing resistance and 
instructed to pedal as fast as possible for 30 s. Strong 
verbal encouragement was provided to participants to 
ensure maximal effort during the Wingate protocol. 
Wingate performance was evaluated based on: (1) peak 
power, the average WR during the first 5 s of the first 
Wingate sprint interval, and (2) mean power, the aver-
age WR of all 4 Wingate intervals.

3. Critical power test

 Critical power (CP) was determined utilizing a 
3-min all-out cycling test. This test is able to accu-
rately estimate CP using only a single test, is sensi-
tive to changes associated with exercise training, and 
has been validated against more traditional means of 
determining CP (Vanhatalo et al. 2007). The CP meth-
odology used in the current study was adapted from 
previously published methods for use with our non-
electrically braked cycle ergometer (Vanhatalo et al. 
2007). Briefly, the critical power test was preceded by 
a 5-min warm up at 100 W, a 5-min rest period, and 
a subsequent 3-min warm up. Participants were then 

instructed to pedal for 3 min at an all-out effort with 
resistance being adjusted such that a power output 
determined by the predicted CP (CP’) was achieved 
upon reaching preferred cadence at the midway point 
of the test. This test was adapted for our non-electron-
ically braked cycle ergometer by having participants 
cycle against an initial resistance of 5 kg following 
which weight was removed from the ergometer in 
100 g decrements until the power output at CP’ was 
achieved. A detailed methodology of this adapted 
protocol will be provided by the authors upon request. 
CP’, the power output halfway between V̇O2peak 
and the gas exchange threshold (GET; determined 
using the V-slope method), was determined from the 
V̇O2peak test. Preferred pedal rate was determined by 
applying 2 kg of resistance and asking the participant 
to pedal at their preferred cadence. Finally, the rate 
of decline for resistance following the start of the test 
was determined using each participant’s peak power 
during a 10 s all-out effort against 5 kg of resistance 
(Vanhatalo et al. 2007). Once preferred pedal rate was 
established, it was maintained until the completion of 
the test. Strong verbal encouragement was provided 
throughout the test, although the subjects were not 
informed of the elapsed time to prevent pacing. CP 
was calculated as the average WR in the final 30 s of 
the test.

Training procedures

Training commenced a minimum of 24 h after the last 
baseline test. Subjects were trained three times per week 
for 4 weeks. The number of intervals completed in the SIT 
groups started at 4 intervals per session for weeks 1–2, and 
increased to 6 intervals per session for weeks 3–4 (Fig. 1). 
Similarly, the cycling time in the ET group was increased 
from 60 min per session for weeks 1–2 to 75 min per ses-
sion for weeks 3–4 (Fig. 1). For the SIT groups, each train-
ing session consisted of a 5-min loadless warm up, followed 
by work intervals (7.5 % body weight) at an all-out effort. 
The SIT groups performed either 30-s work intervals with 
4.5 min of active recovery (SIT 30) or 15-s work intervals 
with 4.75 min of active recovery (SIT 15). For both the SIT 
30 and SIT 15 group, strong verbal encouragement was pro-
vided during each interval in an attempt to ensure maximal 
effort was put forth during each interval for all participants. 
For the ET group, each training session consisted of a 5-min 
loadless warm up followed by constant load cycling at 
65 % V̇O2peak (the WR that elicited 65 % of the pre-training 
V̇O2peak). This WR was determined from the V̇O2peak/work 
rate relationship, using the raw 10 s average data from the 
pre-training incremental V̇O2peak test by fitting a regression 
function describing the linear increase in V̇O2peak.
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Statistics

A two-way, repeated measure ANOVA was used to com-
pare the effects of time (pre- versus post-training) and 
interval intensity (all three groups) for all variables. A 
Bonferroni correction was used for post hoc pairwise 
comparison of means for main effects and significant 
interactions. When change scores were compared for 
body weight, V̇O2peak and peak O2pulse (i.e., the differ-
ence between pre- and post-testing), a one-way ANOVA 
was used to determine differences between groups. For 
lactate threshold data (% of V̇O2peak), where no main 
effects were observed, within-group changes were ana-
lyzed using a paired t test. Data analysis was completed 
with GraphPad Prism v 6.0b (GraphPad Software, Inc., 
La Jolla, CA, USA). Statistical significance was accepted 
at p < 0.05.

Results

Body composition

Baseline values for anthropometrics (body mass, body 
mass index (BMI)) were similar among groups. Post hoc 

analysis did not determine any within-group changes in 
anthropometrics. However, the change in body weight 
(pre-testing–post-testing) in the ET groups was signifi-
cantly different than both SIT 30 and SIT 15 (p < 0.05; 
Table 1).

V̇O2peak/lactate threshold test

There was no significant difference in the baseline val-
ues among training groups (ET vs SIT30, p = 0.54; ET vs 
SIT15, p = 0.78; SIT30 vs SIT15, p = 0.51). A significant 
main effect of training (p < 0.05) was observed such that 
V̇O2peak was higher during post-testing across all groups 
(Fig. 2a). When change scores were compared (% change 
from pre-testing; Fig. 2b; ET, +13 %; SIT 30, +4 %; SIT 
15, +8 %), no significant differences were observed between 
any groups. Individual changes in V̇O2peak are also pre-
sented for all participants in all groups (Fig. 2c–e). A signifi-
cant (p < 0.05) main effect of training was also observed for 
peak O2pulse (Fig. 2f). When the change in peak O2pulse was 
compared across groups, ET demonstrated a significantly 
greater (p < 0.05) response than either of the SIT groups but 
no difference between SIT 30 and SIT 15. Results for other 
variables collected during the V̇O2peak test are presented in 
Table 1.

Fig. 2  Changes in V̇O2peak and peak O2 pulse following ET and SIT. 
Relative V̇O2peak pre- and post-training for each training group (a), 
and percent change in V̇O2peak (b; expressed relative to baseline test-
ing) are shown for ET, SIT 30 and SIT 15 groups. The individual 

changes in V̇O2peak for all participants are also shown (c–e) as is peak 
O2 pulse pre- and post-training for all groups. *Significant (p < 0.05) 
main effect of training. †Significantly (p < 0.05) greater change in 
peak O2pulse in ET compared to SIT 30 and SIT 15 groups
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Wingate test

A significant main effect of training (p < 0.05) was 
observed for all parameters measured during the Wingate 
test such that peak power and mean power were higher dur-
ing post-testing across all groups (Fig. 3).

Lactate threshold and critical power

Lactate threshold was analyzed using 2 different methods 
with the results from the “>4 mmol/L” method presented 
in Fig. 4 and the results from the “increase >1 mmol/L” 
method presented in Table 1. Using the >4 mmol/L method, 
a significant main effect of training (p < 0.05) was observed 
such that lactate threshold was higher during post-testing 
across all training groups (Fig. 4a). When lactate threshold 
was expressed as a percentage of V̇O2peak, no main effects 
were observed when a 2-way ANOVA was performed. 
However, when within-group changes were examined using 
a paired t test, only the ET group increased significantly at 
post-testing (p < 0.05; Fig. 4b). Similar results were found 
when lactate threshold was calculated using the >1 mmol/L 
method (Table 1). There was also a significant main effect 
of training (p < 0.05) on critical power (Fig. 5).

Discussion

The purpose of this study was to examine the impact of 
reduced SIT work-interval duration on aerobic and anaero-
bic capacity, and submaximal parameters associated with 

Fig. 3  The effects of ET, SIT 30 and SIT 15 on Wingate perfor-
mance. Peak Power (a) and mean power (b) are shown pre- and post-
training for all groups. *Significant (p < 0.05) main effect of training

Fig. 4  The effects of ET, SIT 30 and SIT 15 on lactate threshold. 
Both the last WR (W) with lactate <4 mmol/L during the V̇O2peak test 
(a), and the lactate threshold expressed as a percent of V̇O2peak are 
shown pre- and post-training for each group. *Significant (p < 0.05) 
main effect of training. †Significantly (p < 0.05) different from pre-
training within group (paired t test)

Fig. 5  The effects of ET, SIT 30 and SIT 15 on critical power 
are shown for pre- and post-training for each group. *Significant 
(p < 0.05) main effect of training
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aerobic exercise performance. SIT-induced adaptations 
were also compared to an ET protocol known to increase 
both aerobic capacity and aerobic performance (Gibala 
et al. 2006). Following 4 weeks of training healthy young 
men demonstrated: (1) an increase in V̇O2peak across all 
protocols examined, (2) an increase in peak O2pulse also 
across all groups, (3) a similar increase in lactate threshold 
post-training for all groups with an increase in threshold 
relative to V̇O2peak only observed following ET, (4) a sig-
nificant effect of training on critical power with no effect 
of group observed, and (5) increases in peak power for a 
single Wingate and mean power (across repeated Wingate 
protocol) for all groups. Importantly, for all variables where 
improvements in exercise performance were observed, 
there was no effect of reducing SIT interval duration.

V̇O2peak

Several studies have shown an increase in V̇O2peak follow-
ing various HIT and SIT protocols (Boyd et al. 2013; Esfar-
jani and Laursen 2007; Hazell et al. 2010; Macpherson 
et al. 2011) and SIT protocols with work-interval durations 
as low as 10–15 s can increase aerobic capacity and exer-
cise performance (Hazell et al. 2010; Metcalfe et al. 2012). 
However, to our knowledge, only one previous study has 
simultaneously evaluated multiple SIT protocols to eluci-
date the effect of decreasing SIT work-interval duration on 
aerobic performance (Hazell et al. 2010). Consistent with 
this previous study, the results of our study demonstrate 
that reducing interval duration by 50 % does not diminish 
the acquired aerobic adaptations, evident by a significant 
increase in V̇O2peak following both SIT 30 and SIT 15. The 
similar improvements in V̇O2peak with both ET and SIT 
protocols are consistent with previous reports (Burgomas-
ter et al. 2008; Macpherson et al. 2011), indicating that SIT 
is sufficiently able to induce aerobic adaptations despite its 
significantly lower exercise volume (Fig. 2). Further, our 
results, and those published previously (Hazell et al. 2010) 
suggest that the generation of peak power is a key stimu-
lus in promoting aerobic adaptations. Our observation that 
the average change in V̇O2peak was not significantly differ-
ent following SIT 15 (+8 %) than SIT 30 (+4 %) is not 
consistent with a reduction in SIT volume (i.e., from 30 
to 15 s) resulting in a decrease in the adaptive response of 
V̇O2peak.

While we were unable to measure the underlying mech-
anisms responsible for SIT-induced increases in VO2peak 
in the current study, changes in V̇O2peak have been asso-
ciated with improvements in stroke volume (SV), cardiac 
output (CO), and the ability of the cardiovascular system 
to effectively deliver oxygen to muscle during maximal 
exercise (Richardson et al. 2000). The smaller increase in 
peak O2pulse following SIT compared to ET intervention 

(Fig. 2f), combined with previous observations that peak 
O2pulse is strongly correlated with increases in SV (Bhamb-
hani et al. 1994; Whipp et al. 1996), appears to support 
previous observations that low volume SIT may increase 
V̇O2peak primarily through peripheral adaptation (Macpher-
son et al. 2011). However, as we have not directly meas-
ured changes in cardiac function this conclusion remains 
speculative. Thus, whether increases in V̇O2peak following 
SIT result primarily from increases in skeletal muscle mito-
chondrial content/oxidative capacity remains controversial 
and there is a clear need for further study examining the 
relationships between interval intensity, training volume 
and cardiac-specific adaptations to HIT and SIT.

Anaerobic adaptations

The increases in anaerobic performance observed in the 
present work are also consistent with other studies using 
an established SIT intervention (Hazell et al. 2010). Peak 
power and mean power elicited during the Wingate test 
were improved following all the interventions examined 
(Fig. 3). We hypothesized that shorter duration of work 
intervals during SIT would induce similar improvements in 
maximal and submaximal parameters because brief periods 
of maximal power seem to be a key stimulus for physio-
logical adaptations. Increases in glycolytic enzymes (Mac-
Dougall et al. 1998) and a greater proportion of fast-twitch 
muscle fibers (Jansson et al. 1990) offer one possible expla-
nation of the greater peak power following SIT. It is of 
interest that the similar adaptations in the repeated Wingate 
protocol used to test anaerobic power in the current study 
were present despite the fact that the SIT30 group essen-
tially utilized this protocol throughout their training. This 
suggests that the specificity of training associated with the 
SIT30 protocol did not provide additional benefit beyond 
the physiological adaptations that also appear to have 
occurred in both the ET and SIT 15 groups. Taken together, 
these results suggest that SIT is sufficiently able to con-
comitantly increase aerobic and anaerobic performance and 
reducing the SIT work-interval duration does not reduce 
the increases in these parameters.

Submaximal improvements

Lactate threshold represents the work rate at which blood 
lactate levels become elevated above baseline during an 
incremental exercise test (Messonnier et al. 2013). For 
exercise intensities exceeding this threshold, blood lactate 
will accumulate, potentially contributing to compromised 
exercise tolerance (Poole et al. 1988). The blood lactate 
response to submaximal exercise has been associated with 
peripheral factors including, but not limited to, muscle fiber 
type, capillary density and mitochondrial density (Conley 
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et al. 2001; Holloszy and Coyle 1984). In the present study, 
we found that lactate threshold increased following all the 
training interventions examined with no differences being 
observed between groups (Fig. 4). The increases following 
SIT are in agreement with previous reports (Burgomas-
ter et al. 2006; Esfarjani and Laursen 2007; Harmer et al. 
2000) and may reflect an increase in mitochondrial enzyme 
content, which is associated with improved oxidative 
metabolism and a shift from glycogen to lipid utilization 
during submaximal intensities (Burgomaster et al. 2005; 
Conley et al. 2001; Holloszy and Coyle 1984). Interest-
ingly, ET was the only group that demonstrated an increase 
in lactate threshold relative to V̇O2peak (Fig. 4b), indicat-
ing that there may be greater improvements in submaximal 
exercise performance/tolerance with endurance training 
than with either of the SIT protocols utilized in the current 
study.

We have also examined the effects of decreasing work-
interval SIT volume on training-induced increases in criti-
cal power. Critical power demarcates the boundary between 
heavy and severe exercise and signifies the highest sustain-
able work rate of oxidative metabolism (Vanhatalo et al. 
2007). Similar to V̇O2peak and lactate threshold, we have 
observed a main effect of training on critical power across 
all the groups examined (Fig. 5). The changes observed 
in the current study were relatively small (<10 %) but are 
consistent with previous exercise interventions demonstrat-
ing significant increases in CP following HIT (Poole et al. 
1990; Vanhatalo et al. 2008), and ET (Jenkins and Quigley 
1992).

These data provide evidence that reducing SIT work-
interval duration does not diminish adaptations in submaxi-
mal indices of aerobic performance. The findings that lac-
tate threshold and critical power were improved similarly 
in both SIT protocols utilizing 30-s/270-s and 15-s/285-s 
work/recovery protocols are novel and suggest that the 
generation of peak power is a critical determinant in the 
induction of these adaptations and that prolonged periods 
of maximal exertion are not required. Furthermore, these 
results indicate that the improvements in submaximal exer-
cise performance/tolerance observed by Hazell et al. (2010) 
appear to be a result of improvements in lactate threshold 
and critical power. However, it is currently unclear whether 
the stimulus for these adaptations is mediated, in part, by 
fiber-specific recruitment.

Similarities in the adaptations induced by ET and SIT

Although this was not the primary purpose of the cur-
rent study, it is interesting to note the similarities in the 
adaptations induced by both relatively low volume proto-
cols of SIT and the much higher volume ET protocol uti-
lized (60–75 min of cycling per training session). Of the 

variables studied, differences between ET and SIT were 
only observed for changes in body weight (Table 1), peak 
O2pulse (Fig. 2f) and relative lactate threshold (Fig. 4b). This 
demonstration of the potency of SIT is in agreement with 
a number of previous studies demonstrating similar adap-
tations following ET and SIT in aerobic capacity (Burgo-
master et al. 2008; Gibala et al. 2006; Hazell et al. 2010; 
Macpherson et al. 2011), anaerobic capacity (Hazell et al. 
2010) and submaximal exercise performance (Burgomaster 
et al. 2006; Gibala et al. 2006). While it was not within the 
scope of the present study to explore the mechanisms by 
which such dramatically different training protocols can 
induce similar adaptations, this remains an exciting topic 
for future research.

Limitations

It is important to note that the lack of a statistically signifi-
cant difference between groups, despite differences in the 
amplitude of the V̇O2peak response (Fig. 3b), may reflect a 
lack of statistical power rather than the absence of a dif-
ference between groups. However, while the low statisti-
cal power is a limitation of the current study, the lack of 
significance may also be attributed to the heterogeneity of 
responses across all groups with each group demonstrat-
ing a range of responses including ‘non-responders’ in each 
group (Fig. 2c–e).

Conclusion

In summary, we have examined the impact of reducing SIT 
work-interval duration in healthy young adults. Our results 
confirm those previously reported by Hazell et al. (2010) 
that decreasing the work-interval duration of SIT by 50 % 
during a four-week training intervention does not diminish 
adaptations in aerobic capacity. We have further advanced 
understanding by demonstrating that increases in submaxi-
mal parameters, specifically lactate threshold and critical 
power, are unaffected by a reduction in SIT work-interval 
duration. The similarities between both SIT protocols and 
the ET program highlight the potential of SIT as a time-
efficient method for improving both aerobic capacity and 
submaximal exercise performance/tolerance; however, it is 
currently unknown whether a modified SIT protocol with 
shorter work intervals will translate to improved exer-
cise tolerance and adherence. Several recent HIT exercise 
studies conducted in clinical populations: type-2 diabetes 
(Adams 2013), heart failure (Wisloff et al. 2007), and coro-
nary artery disease (Warburton et al. 2005), all show ben-
eficial effects and provide support for the efficacy of HIT. 
Given this information, further research should be con-
ducted to rationalize the addition of low-volume/duration 
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SIT to the exercise therapeutic armamentarium for clinical 
populations.
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