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What are the new findings?

 ► Very short but maximal intensity exercises, even 
with single bouts dispersed over the day, can still 
provide sufficient training stimulus for robust in-
crease in V̇O

2peak
.

How might it impact on clinical practice in the 
future?

 ► Considering one of the common barriers for the poor 
adherence to exercise routine is the lack of time, 
this novel ‘dispersed’ exercise protocol is clearly a 
time-efficient ‘office-tractive’ exercise protocol that 
may be prescribed as alternative to the conventional 
manner in which sprint interval trainings are cur-
rently being conducted.

AbsTrACT
Purpose Sprint interval training (SIT) provides a strong 
stimulus for improving cardiovascular fitness, which is 
among the key markers for premature mortality. Recent 
literature demonstrated that SIT protocols with as few as 
two stacked 20 s Wingate Anaerobic Test (WAnT) cycle 
sprints provide sufficient training stimulus for a robust 
increase in maximal aerobic power. However, this effect 
is lost when only one bout is performed. This suggests 
training adaptation is still dependent on the volume of SIT. 
Therefore, the purpose of this study was to determine the 
effects of three dispersed 30 s WAnT bouts, done over a 
day but interspersed with 4 hours of recovery time, on 
selected cardiometabolic health markers. 
Methods  Eighteen sedentary women, age 36±8 years, 
were recruited and underwent 8 weeks of supervised 
training using the WAnT protocol, 3 days a week. 
Criterion measure of cardiovascular fitness (ie, V̇O

2peak
), 

skinfolds and blood lipids such as triglyceride, low density 
lipoprotein (LDL) and high density lipoprotein (HDL) were 
measured before and after training intervention. 
results  V̇O

2peak
 improved by a mean of 14.0% after 

training (21.7±5.7 vs 24.7±5.7 mL/kg/min, p<0.01). No 
significant change was observed for body fat and lipid 
profile. 
Conclusion  Performing three dispersed WAnT bouts 
with a 4-hour recovery period between bouts throughout 
a day, 3 days per week for 8 weeks provides sufficient 
training stimulus for a robust increase in V̇O

2peak
, which is 

comparable with other previous SIT protocols with very 
short recovery intervals. However, no other changes in the 
other cardiometabolic health markers were detected.

InTroduCTIon
Moderate to high intensity continuous or 
aerobic-type  exercises have  consistently been 
promoted and emphasised by the statutory 
authorities as the main modalities of regular 
physical activity for improving cardiovascular 
fitness. However, receptivity to these exercise 
recommendations remains poor, most likely 
due to the substantial time commitment 
associated with these exercise protocols. 

Consequently, sedentary behaviour and inac-
tivity remains a serious healthcare issue.1 To 
address the common barrier of lack of time 
to exercise,2 supramaximal intensity or sprint 
interval training (SIT) has been proposed as 
a time-efficient alternative exercise strategy.3 
These SIT protocols are generally character-
ised by repeated sessions of short exercise, 
typically at intensities that elicit ≥85% of 
the individual’s maximal oxygen uptake and 
interspersed with short periods of rest or 
low-intensity effort for recovery.4 SIT proto-
cols can induce physiological remodelling 
similar to continuous moderate intensity 
training, despite reduced time commitment 
and a relatively small total exercise volume.5–7 
However, the low volume of SIT does not 
necessarily imply a shorter time commitment 
for exercise, as the need for recovery periods 
between repetitions can result in a total 
training time commitment of more than 30 
min per session (see table 1 on comparison of 
previous SIT based studies).

http://bmjopen.bmj.com/
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The mechanisms by which SIT exercise improves 
maximal oxygen uptake are still poorly understood, and it 
remains unknown how the training stimulus can be opti-
mised to achieve increase in maximal oxygen uptake, using 
the smallest amount of time and effort. Recent evidence 
suggests that SIT protocols with fewer and shorter inter-
vals8–12 were reported to increase maximal oxygen uptake, 
similar to traditional SIT protocols. Notably, Metcalfe 
and colleagues13 demonstrated in their study that a mean 
increase of 14% can be achieved by performing just two 20 
s all-out sprints in an exercise day, performed 3 days a week, 
for 6 weeks. Recently, Songsorn and colleagues14 pushed 
the boundaries further by piloting a new protocol with a 
single 20 s sprint once a day, performed three times a week, 
over 4 weeks. However, this strategy did not yield a signif-
icant improvement in maximal oxygen uptake likely due 
to the low daily training stimulus associated with the  short 
length of the SIT protocol.

The purpose of the present pilot study therefore was to 
determine whether a novel low-volume SIT exercise can 
overcome the limitations of current SIT protocols. Specif-
ically, we examined the impact of a training protocol that 
involved three dispersed 30 s Wingate Anaerobic Test 
(WAnT)-based cycle bouts performed over the day; each 
bout within a 1.5 min (60 s warm-up and 30 s exercise) 
time commitment block. A dispersed sprint protocol was 
selected as WAnT has been shown to provide the highest 
power output and accumulated work  when done as a single 
bout.4 15 Therefore, the rationale was that by dispersing the 
three single sprint bouts over a typical day, each bout was 
more likely to be better tolerated in the untrained popu-
lation as the WAnT bouts separated by a prolonged rest 
period and were not clustered as typically seen in traditional  
interval training. The rest period in between the sprints was 
set at 4 hours to allow full recovery from each WAnT bout16 
and to coincide with the break periods of office workers to 
allow for practical adoption of this novel exercise protocol, 
that is, exercise can be performed at the start of the working 
day, during lunch time and at the end of the work day. 
It should be noted that the 2×20 s SIT study by Metcalfe 
and colleagues13 and other recent studies were completed 
as a stacked cluster (‘all out’ bouts completed in a single 
session). To our knowledge, no study has endeavoured to 
investigate the training-induced effects of a single bout of 
WAnT performed several times throughout the day, that 
is, a dispersed protocol, with several hours of passive rest 
time between bouts. Hence, this pilot study sought to deter-
mine whether this novel protocol approach to performing 
the SIT could improve selected cardiometabolic health 
markers, including body mass, body fat, maximal oxygen 
uptake and blood lipids, in a group of sedentary females.

MeTHods
Participants
Eighteen untrained,  female participants (mean±SD; 
age 36±8 year, body mass index (BMI) 25.2±4.0 kg/m2, 
V̇O

2peak
 21.6±5.4 mL/kg/min) were recruited. Partici-

pants were staff from a local hospital who were habitually 
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sedentary (due to prolonged sitting) more than 8 hours a 
day due to the nature of their work.17 None of them  had 
been involved in any systematic or regular exercise for 
the previous 12 months. Participation inclusion criteria 
were: non-habitually exercising individuals with involve-
ment in low to moderate intensity physical activities <75 
min per week and presenting with no contraindications 
to exercise as determined by a standard physical activity 
readiness questionnaire.18 All individuals were medically 
screened by a physician prior to the commencement 
of the study and were certified healthy with no chronic 
health issues. Furthermore, all subjects were informed 
about how lifestyle changes may potentially influence 
the outcome of the study and were instructed to main-
tain their normal diet and levels of physical activity (apart 
from the current training programme) throughout the 
period of the study. The aim and requirements of the 
study were fully explained to all participants in written 
and verbal form before they were asked to provide signed 
consent.

experimental protocol
The study’s experimental protocol consists of (1) base-
line testing on an electronically braked cycle ergometer 
and blood measures and also familiarisation with the 
air-braked cycle ergometer; (2) an 8-week WAnT bouts 
dispersal protocol training intervention; and (3) post-
testing measures as per baseline testing.

Baseline measures
Baseline testing for all participants consisted of measure-
ments of body mass, skinfolds (as a proxy for levels of 
body fat), maximal oxygen uptake (or V̇O

2peak
) on a cycle 

ergometer and fasting blood lipids. Specifically, on sepa-
rate occasions, all participants performed: (1) a ramp 
exercise orientation on a cycle ergometer (VIAsprint 
150P, Vyaire Medical, Germany) to determine maximal 
aerobic capacity and (2) several 3–10 s of maximal and 
submaximal exertion practices on a cycle ergometer 
(Wattbike Trainer, Nottingham, UK) to familiarise the 
participants with the WAnT exercise. These were all  
completed 1 week before commencement of the 8-week 
training.

Body mass and skinfolds
Individuals’ body mass was measured using standardised 
instruments (Avamech B1000, Singapore). The individ-
uals’ skinfold thickness (at seven sites)19 were measured 
using Harpenden skinfold callipers, and all measures 
(pretraining and post-training for all individuals) were 
made by the same trained anthropometrist.

Maximal oxygen uptake cycle test (V̇O
2peak

)
One week before the start of the training 
programme, participants performed a continuous 
incremental ramp cycling test to exhaustion on an 
electronically-braked cycle ergometer (VIAsprint 150P, 
Germany) to determine maximal aerobic capacity 
1 week before the start of the training programme. 

Participants were asked not to perform strenuous exer-
cise or consume caffeine or alcohol the day before the 
test and to drink 500 mL of water the morning of the 
testing day to ensure sufficient hydration. Participants 
completed a 2 min warm-up at 50 W after which the cycle 
ergometer resistance was increased by 1 W every 3 s until 
volitional exhaustion despite strong verbal encourage-
ment. Oxygen uptake (V̇O

2
) was measured continuously 

throughout the test using a calibrated metabolic cart 
(MasterScreen CPX, Germany) to determine maximal 
aerobic capacity. V̇O

2peak
 was defined as the highest 30 

s of oxygen uptake value recorded during the cycle test. 
In all of the tests, two or more of the following criteria 
were met: respiratory exchange ratio (RER) >1.15, heart 
rate within 10 beats of age-predicted maximum (207–
0.7 × age) and/or the individual showed symptoms of 
volitional exhaustion. The post-intervention maximal 
aerobic capacity test was performed 1 week after the final 
training session as per pretraining procedures.

Blood markers
On a separate day, with each participant fasted for at 
least 8 hours the night before, approximately 5 mL of 
blood were collected using the BD Vacutainer blood 
collection system in the hospital and sent directly 
to the hospital biochemical laboratory. Triglyceride, 
low density lipoprotein (LDL)-cholesterol and high 
density lipoprotein (HDL)-cholesterol analyses were 
performed on a modular analyser (Roche Cobas 8000, 
Switzerland). The intra-assay coefficient of variation 
(CV) for blood lipids were all within 5%.

Exercise training intervention
Participants performed an 8-week WAnT bouts dispersal 
protocol training programme consisting of three non-con-
secutive  exercise days per week, for a total of 72 bouts. On 
each exercise day, participants performed three bouts of 
WAnT, with each of the WAnT bout separated by 4 hours. 
All exercise was conducted on an air-braked cycle ergom-
eter (Wattbike Trainer, Nottingham, UK). Each WAnT 
bout was preceded by 60 s of warm-up cycling at intensity 
of less than 50 W resistance and followed by a single ‘all-
out’ 30 s cycle sprint effort. Participants were asked to 
cycle at 20–30 revolutions per min during the warm-up 
and towards the end of this 60 s duration, a countdown 
of ‘3, 2, 1 and Go’ was provided where the individual 
was instructed to exert maximally at ‘Go’ and then to 
try to sustain their cadence throughout the 30 s exercise 
duration. Participants received strong verbal encourage-
ment throughout the exercise duration. On completion 
of the 30 s of exercise, individuals slowed down gradu-
ally and stopped within 10 s or less. At this time, ratings 
of perceived exertion (RPEs; Borg’s categorical 6–20 
scale) were administered to the individuals. Thereafter, 
individuals dismount from the ergometer and returned 
back to their work station or go back to perform their 
daily routine. The sprint bouts were scheduled 4 hours 
apart, that is, ‘dispersed’ throughout the day, to fit into 
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the work schedule of the participants. The bouts were 
typically performed between 08:00 and 09:00 (before 
starting work), between 13:00 and 14:00 (lunch break) 
and between 17:00 and 18:00 (after work). Because of the 
challenging nature of SIT, participants performed a modi-
fied 20 s WAnT bout during the initial training weeks 1 
and 2 to allow them to adapt to the exercise intensity. The 
30 s protocol was then used for the remaining 6 weeks 
of training. Absolute mean power output (MPO) was 
recorded during the 30 s training sessions as provided 
by the cycle ergometer’s performance monitor. Relative 
mean power is calculated by taking into account the indi-
vidual’s body mass measured at the start of every session. 
All training sessions were conducted and supervised by a 
trained exercise physiologist. Participants used the same 
Wattbike ergometer throughout their 8 weeks of training.

There are two ways to set the resistance of a Wattbike 
cycle ergometer. One is modulating the air-brake damper, 
and the other involves increasing the magnetic resistance 
of the flywheel. The air-damper can be set from level 1 
to level 10 (higher means more air is allowed into the 
front air-vent implying a greater resistance when cycling) 
and magnetic resistance (levels 1–7; a higher setting 
implies a greater inertia akin to cycling up a steep slope). 
During the familiarisation to the WAnT exercise, each 
individual was allowed on a trial-and-error basis and with 
assistance from our experienced laboratory trainer to 
set her own individualised air-brake and magnetic resis-
tance settings. These two resistance setting values were 
duly recorded for each individual and used throughout 
her 8 weeks of training sessions. Progression in each indi-
vidual’s training stimuli was ensured with each individual 
exerting their own perceived maximal effort during each 
of the training session, that is, increasing in cycle cadence 
where the faster and harder the individual exerts, the 
greater the generated power output of the cycle.20 Thus, 
training progression is a ‘natural’ process whereby as the 
individual gets ‘fitter’, the faster and harder she exerts 
during the 30 s cycle, the greater will be her power output 
generated during exercise.

To be included in the final data analysis, participants 
had to complete at least 75% of the training sessions.21 
A second V̇O

2peak
 test, fasting lipids and other measure-

ments described above were obtained 1 week after the 
final training session. Participants were asked to maintain 
their usual physical activity behaviour and their normal 
dietary intake for the duration of the study.22

Classification of training-induced response
The CV for the measurement of V̇O

2peak
 in our labora-

tory is determined to be at 2.3% (our own laboratory’s 
unpublished data). However, a 5% CV for V̇O

2peak
 was 

adopted in the present study as a larger variability was 
expected as the present participants were all untrained. 
All the participants were classified according to their 
specific response to the 8-week exercise training inter-
vention.23 A responder was defined as an individual who 
demonstrated an increase that was greater than two times 

the CV of V̇O
2peak

. Conversely, an adverse responder was 
defined as an individual who demonstrated a decrease 
that was greater than two times the CV from zero, and a 
non-responder was defined as an individual who failed 
to demonstrate an increase or decrease that was greater 
than two times the CV away from zero.23

statistical analysis
Categorical data were presented in frequency and 
percentage. Numeric data were presented as mean±SD. 
Significance differences between pretraining and post-
training in primary outcome, V̇O

2
 peak and secondary 

outcomes, such as MPO and blood markers, were deter-
mined using paired sample t-test. A two-tailed p value 
of <0.05 was considered statistically significant. Statistical 
analysis was performed with SPSS statistical software, 
V.19.0.

resulTs
Of the 18 participants, 17 of them completed at least 75% 
of the training sessions (mean training sessions compli-
ance was 88.6%±8.8%). With regards to V̇O

2peak
, there 

were no outliers as assessed by inspection of a boxplot 
for values greater than 1.5 box-lengths. However, out of 
the 17 participants, 1 participant was removed from final 
analysis due to unusual results. The participant had an 
>80% increase in her V̇O

2peak
, which is abnormally high 

for typical physiological adaptation from a low-volume 
SIT protocol; hence the results are only for 16  subjects’ 
data.

The MPO averaged across the three WAnT bouts 
performed during the day was significantly lower in the 
first training day in week 3 compared with the last training 
day in training week 8 (n=16; 4.32±0.72 vs 4.65±1.06 W/
kg, p<0.01), which clearly indicate training-induced 
improvement in power output of the participants towards 
the end of the training programme. The mean weekly 
RPE from training week 1 to week 8 was: 16.9±2.1, 
16.6±2.5, 17.8±1.9, 17.8±2.0, 18.3±1.7, 18.4±1.5, 18.5±1.4 
and 18.3±1.4, respectively (F ratio=2.43, p=0.023). Post 
hoc analysis, however, indicated no significant difference 
between mean RPEs measured during each of the eight 
training weeks (all comparisons p>0.05). Importantly, 
the dispersed WAnT bout training protocol showed an 
increase in mean V̇O

2peak
 by 14.0% (pretraining: 21.7±5.7 

mL/kg/min vs post-training: 24.7±5.7 mL/kg/min, 
p<0.01; n=16; figure 1). The difference in V̇O

2peak
 was 

normally distributed, as assessed by Shapiro-Wilk’s test 
(p=0.425). There was no significant difference in the 
HR

max
 measured during the maximal aerobic power cycle 

tests (pretraining: 167±15 beats/min vs post-training: 
171±16 beats·min, p>0.05; n=16).

There was also no significant difference in MPO 
between taken from the first WAnT bout of the day 
(performed between 08:00 and 09:00) and the last bout 
(performed between 17:00 and 18:00) of the exercise day 
during training week 3 (n=16; bout 1: 4.37±0.73 vs bout 
3: 4.27±0.80 W/kg, p>0.05) and during training week 
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figure 1 Effects of the novel dispersed Wingate bouts training protocol on cardiovascular fitness.

Table 2  Markers of health outcomes measured in the 
study (n=16)

Pretraining Post-training

Body mass (kg) 61.7±10.2 61.6±10.5

Skinfolds (mm) 156±34 167±35

HDL (mmol/L) 1.73±0.39 1.73±0.37

LDL (mmol/L) 2.77±0.73 2.85±0.65

Triglyceride (mmol/L) 0.95±0.52 0.89±0.39

8 (n=16; bout 1: 4.70±1.06 vs bout 3: 4.70±1.09 W/kg, 
p>0.05).

Body mass and skinfold measures were not significantly 
different before compared to after training (all p>0.05, 
table 2). Similarly, resting blood lipids profile also showed 
no significant changes from pretraining to post-training 
(all p>0.05, table 2).

dIsCussIon
The results of the present study demonstrated that an 
8-week novel exercise intervention consisting of very 
brief but maximal efforts, dispersed over the day, is asso-
ciated with improved cardiovascular fitness (or V̇O

2peak
) 

in females. This beneficial effect occurred, however, 
independently from changes in body mass and selected 
cardiometabolic health markers during the training 
period. Nonetheless, given that maximal aerobic power 
has been shown to be one of the strongest prognostic 
markers for cardiovascular health and premature 
death,13 24 the results indicate the potency of the new 

dispersed SIT exercise protocol, and more importantly, 
the cardiovascular fitness improvement was observed 
despite the time commitment of a mere 1.5 min per 
day of exercise time (excluding warm-up), for 3 days a 
week (see table 1).

The underlying mechanism(s) responsible for the 
observed improvement in V̇O

2peak
 cannot be determined 

with the design of the present study. Nonetheless, previous 
reviews, however, have suggested that the enhanced 
cardiovascular fitness is likely due to enhanced central 
adaptations such as increases in stroke volume or blood 
volume25 and/or the result of peripheral adaptation of 
skeletal muscles by upregulating various mitochondrial 
enzymes activities such as citrate synthase, pyruvate 
dehydrogenase, 3-hydroxyacy CoA dehydrogenase and 
cytochrome oxidase26 27 and increasing mitochondria 
density.10 28 It has been suggested that increases in the 
central and peripheral adaptations were due to the very 
rapid glycogen depletion associated with the WAnT 
exercise.29 When the WAnT bouts are performed in the 
typical stack clustered protocol, only the first WAnT bout 
is fuelled predominantly by muscle glycogen with the 
subsequent bouts involving a greater contribution of fats 
oxidation.15 Therefore, in the present dispersed protocol, 
it may be argued that each bout of the WAnT over the day 
was performed with the highest usage of muscle glycogen 
during each 30 s effort causing a relatively greater muscle 
glycogen depletion over the three bouts.

The findings of the present study extend the previous 
literature of SIT’s efficacy10 13 by showing that the sprint 
repetitions can be separated over long durations, yet still 
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maintaining the positive effects. One possible reason 
for the sustained training-induced effects is that when 
the WAnT bouts are separated by long periods of rest 
or recovery, or performed in a dispersed manner as in 
the present study, the exercise stimulus of each bout is 
maximised. This is supported by the finding that there 
was no significant difference in MPO of WAnT bout 1 
(ie, performed early in the morning) relative to the 
MPO of WAnT bout 3 (performed in the late afternoon) 
observed during training week 3 and week 8. Indeed, 
this implies that each of the WAnT performed at three 
times of the day would have resulted in the maximal acti-
vation of the metabolic pathways or maximum  increases 
in production of specific metabolites or higher signal-
ling impulses between different kinases, transcriptional 
regulatory proteins and cells relative to a situation 
in which the  three WAnT bouts were performed in a 
clustered fashion which likely lead to the enhanced train-
ing-induced adaptations within the sedentary females.

Considering the commonly reported barrier of lack of 
available time for exercise,2 there is also a need to design 
an exercise protocol that provides adequate fitness and 
health benefits and enhances motivation to perform 
exercise by overcoming key barriers. One possible alter-
native strategy could be to define the minimum volume 
of maximal sprint exercise required to improve both 
fitness and health indices whilst also increasing exercise 
adherence. To date, the exercise protocol utilised in the 
current study represents the smallest volume of exer-
cise (when using total training time per week), relative 
to recent studies, that has been shown to induce posi-
tive effects on peak oxygen uptake, albeit in sedentary, 
low-level of fitness individuals (see table 1 for compari-
sons).

There is a dearth of sufficient evidence in current litera-
ture to indicate that a larger number of sprint repetitions 
or a greater total volume of sprint exercise will lead to  
superior cardiovascular or metabolic adaptations. 
Metcalfe and colleagues13 showed that very low volumes of 
supramaximal exercise–2×20 s exercise session–are asso-
ciated with improvements in V̇O

2max
 typically seen with  

much higher volumes of sprints.4 30 31 Recent 
 studies10 13 have demonstrated that the SIT exercise repeti-
tions may be as low as 2–3 bouts of 20 s per day to provide a 
positive stimulus, however, when reduced by Songsorn and 
colleagues14 to just a single bout of 20 s per day, performed 
three times per week on alternate days, this positive effect 
was lost. We hypothesised that there would be a significant 
deficit of stimulus if these 30 s bouts are performed only 
once per exercise day, especially when compared with 
a clustered 3×30 s WAnT protocol bouts. Therefore, we 
maintained the number of bouts as previous studies10 13 but 
eliminated the need for  recovery time between bouts by 
integrating an extended 4-hour recovery interval period 
as part of the individual work day. This 4-hour duration 
provided full recovery from each bout and therefore,  
allowed our participants to undergo three sprint bouts 
per exercise day without appreciable accumulated fatigue. 

It should be noted that the absolute number of bouts 
performed per day in the present study is similar to the 
number of bouts per day employed in recent SIT protocols 
(table 1). Hence, these two key strategies: (1) completion 
of a greater absolute workload for the second and third 
Wingate bouts of the day through dispersion and (2) 
increasing the daily volume of SIT exercise  with the 4-hour 
resting period which allowed 3 maximal sprint bouts per 
day of exercise, are likely responsible for the positive 
change in V̇O

2peak
 observed in the present study.

Blood lipids are well-established metabolic risk factors 
that are associated with cardiovascular diseases.32 33 The 
present study’s dispersed WAnT bouts protocol showed 
no impact on blood lipids, which was similarly observed 
in other traditional or typical SIT protocols. For example, 
six sessions of 4–6 WAnT bouts (with 4.5 min recovery 
between bouts) performed over a 2-week period showed 
no change in blood lipids profile in sedentary over-
weight, obese men.34 Similarly, repeated cycle efforts of 
8 s with 12 s recovery over a 20-min period, performed 
4 days a week for 5 weeks, did not show any significant 
change in the blood lipid profile of obese females.35 
However, the intensity of cycling in the latter study was 
estimated to be ~80% of VO

2max 
and not of supramax-

imal. Interestingly, a recent study showed improvement 
in LDL but not in HDL and total cholesterol; however, 
the study’s SIT consisted of four clustered 20 s sprint at 
175% VO

2max
, three times per week for 12 weeks.36 The 

combined findings of these studies suggest that a positive 
change in lipid profiles is dependent on a dose–response 
of energy expenditure, exercise duration and/or volume 
of exercise.35 Thus, the present study with its low volume 
exercise profile was unlikely to exert any positive effects 
on the individuals’ lipids profile.

High-intensity interval training has been shown to be 
effective in reducing body fat in overweight females.37 In 
the present study, however, there was no significant change 
in body mass and skinfolds measurements of the partici-
pants after 8 weeks of SIT training. The positive effects for 
body fat reduction were not achieved even though most 
of the participants were overweight females (mean BMI: 
24.9±4.1 kg/m2, based on Asian population). However, 
there is substantial difference in the mean BMI between 
participants in the study of Mirghani and Yousefi37 and 
those in the present study (29.5±3.5 vs 24.9±4.1 kg/m2, 
respectively). Based on current weight loss concepts, 
individuals with high initial weight typically have faster 
initial weight loss due to higher caloric expenditure for 
similar intensity and duration of exercises and increased 
ease in initial diet caloric reduction. This is supported 
by the findings of Nackers et al,38 who demonstrated that 
individuals with higher BMIs have higher initial rates of 
weight loss. Moreover, our exercise protocol was rela-
tively short with 8 weeks of training, compared with the 
usual training duration of 6 months or more, to achieve 
effective weight loss. These differences in initial weight 
and BMIs, in addition to the shorter exercise period and 
exercise volume of the present exercise protocol, may 
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have resulted in a much slower rate of fat and weight 
loss. Another potential reason could be the low energy 
expenditure of the current dispersed exercise protocol. 
When SIT bouts are performed in a clustered fashion, 
the last few bouts are fuelled primarily by fat oxidation 
rather than via anaerobic glycolysis15 with greater levels 
of excess post-exercise oxygen consumption per exer-
cise session, which can lead to a higher overall fat loss. 
Thus, it is very likely that the present dispersed protocol 
resulted in each WAnT bout utilising primarily glycogen 
as opposed to fats. This, in addition to the likelihood of 
lower excess post-exercise oxygen consumption for the 
entire day’s exercise may have led to the low body fat loss 
in our female subjects, although direct investigation is 
required to confirm our assertion.

Even though the present study dispersed exercise 
protocol provides a sufficient training stimulus for a 
robust increase in V̇O

2peak
, it did not reduce the inci-

dence of non-response, similar to previously reported 
study.39 The present study reports an overall rate of 
37.5% non-responders for V̇O

2peak
 across all participants 

studied (6 out of 16 participants), with a single adverse 
responder. It was suggested that the incidence of non-re-
sponse following SIT is likely due to individual variability 
in adaptive response to the training stimulus.40 41 Recently, 
however, Montero and Lundby42 showed the abolishment 
of all non-response to exercise training in individuals 
who trained an additional 240 min per week for 6 weeks,  
after they initially showed no training-induced adapta-
tions after exercising between 60 min and 300 min per 
week for 6 weeks. Therefore,  it is possible that a low 
training stimulus or insufficient training effort could be 
a significant factor resulting in the non-response, rather 
than individual genetic variation to exercise adaptation.42 
While the exact dose of SIT required for more effective 
training-induced adaptations remain  unclear and likely 
to be subjected to individual variability, it would appear 
that increasing the number of training days per week 
from 3 to perhaps 4–5 days is an important consideration, 
at least in the case of the present ‘dispersed’ WAnT bouts 
exercise protocol.

Our study is not free of limitations. Dietary intake outside 
the training intervention was not monitored. The present 
study employed  a repeated measure design with no control 
group, which may introduce bias. However, many previous 
studies have already validated the positive effects of SIT on 
maximal aerobic power, and recent studies conducted were 
similarly conducted without a control group as in the present 
study (see table 1). Finally, the present study provides infor-
mation on exercise training and cardiorespiratory fitness 
within a small sedentary female population (n=16), and 
therefore, there is clearly a need to conduct larger popu-
lation-based studies to determine the effectiveness of this 
dispersing SIT protocol. Nonetheless, a major advantage of 
the present study’s novel ‘dispersal’ protocol for performing 
the WAnT bouts is that it is ideal for the practical ‘real world’ 
purpose of fitting the exercise easily into the daily schedule 
of an individual office worker, and concurrently, using his 

or her work time in between the bouts as a natural ‘built-in’ 
recovery period. With this new strategy, exercise duration 
was effectively shortened to 1.5 min per day (3 bouts of  
30 s of exercise time) or a total time commitment of only 
13.5 min per week (including warm-up).

ConClusIon
The present study showed that 3×30 s WAnT bouts 
performed throughout the day, conducted for 3 non-con-
secutive days per week for 8 weeks, improved peak oxygen 
uptake in sedentary females. The protocol employed in 
the present study involved a training time commitment 
of a mere 4.5 min per day (including warm-up) that was 
considerably lower than previous WAnT-based SIT studies 
and provides further evidence of the potential for very 
brief, intense bouts of exercise to elicit improvements in 
cardiovascular fitness (ie, a key cardiometabolic health 
indicator) in a time efficient manner. This suggests that 
this novel SIT ‘dispersed’ exercise protocol may offer a 
genuinely time-efficient alternative to the conventional 
SIT cardiorespiratory exercise training.
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