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ABSTRACT
MACPHERSON, R. E. K., T. J. HAZELL, T. D. OLVER, D. H. PATERSON, and P. W. R. LEMON. Run Sprint Interval Training
Improves Aerobic Performance but Not Maximal Cardiac Output. Med. Sci. Sports Exerc., Vol. 43, No. 1, pp. 115–122, 2011. Repeated
maximal-intensity short-duration exercise (sprint interval training, SIT) can produce muscle adaptations similar to endurance training
(ET) despite a much reduced training volume. However, most SIT data use cycling, and little is known about its effects on body
composition or maximal cardiac output (Q̇max). Purpose: The purpose of this study was to assess body composition, 2000-m run time
trial, V̇O2max, and Q̇max effects of run SIT versus ET. Methods: Men and women (n = 10 per group; mean T SD: age = 24 T 3 yr) trained
three times per week for 6 wk with SIT, 30-s all-out run sprints (manually driven treadmill), four to six bouts per session, 4-min recovery
per bout, versus ET, 65% V̇O2max for 30 to 60 minIdj1. Results: Training improved (P G 0.05) body composition, 2000-m run time
trial performance, and V̇O2max in both groups. Fat mass decreased 12.4% with SIT (mean T SEM; 13.7 T 1.6 to 12.0 T 1.6 kg) and
5.8% with ET (13.9 T 1.7 to 13.1 T 1.6 kg). Lean mass increased 1% in both groups. Time trial performance improved 4.6% with SIT
(j25.6 T 8.1 s) and 5.9% with ET (j31.9 T 6.3 s). V̇O2max increased 11.5% with SIT (46.8 T 1.6 to 52.2 T 2.0 mLIkgIj1Iminj1) and
12.5% with ET (44.0 T 2.0 to 49.5 T 2.6 mLIkgj1Iminj1). None of these improvements differed between groups. In contrast, Q̇max
increased by 9.5% with ET only (22.2 T 2.0 to 24.3 T 1.6 LIminj1). Conclusions: Despite a fraction of the time commitment, run
SIT induces similar body composition, V̇O2max, and performance adaptations as ET, but with no effect on Q̇max. These data suggest that
adaptations with ET are of central origin primarily, whereas those with SIT are more peripheral. Key Words: INTERVAL TRAINING,
STROKE VOLUME, ARTERIAL-MIXED VENOUS OXYGEN DIFFERENCE, CARDIOVASCULAR ADAPTATIONS, MUSCLE
ADAPTATIONS, BODY COMPOSITION
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Physiological adaptations associated with ET have been
studied extensively and include central (cardiac output (Q̇))
(6) and/or peripheral (skeletal muscle arterial–venous oxygen difference (a–vO2 difference)) adaptations (18,22), resulting in a greater maximal oxygen uptake (V̇O2max), an
improved exercise capacity, and enhanced overall health
(17,19). Typically, ET also results in body mass losses and
enhanced body composition (35,38).
Interestingly, SIT has proven to improve not only anaerobic (glycolytic) metabolism, as expected, but also aerobic (oxidative) metabolism (7–10,17,24,28,31,33). Further,
these metabolic adaptations have also produced improvements in a wide range of performances, including those that
use significant aerobic metabolism (i.e., cycling time to
exhaustion tests and time trials ranging in distance from 2 to
40 km) (7,17,27). These effects are somewhat surprising
considering the small time commitment involved with SIT
and suggest that some version of this type of training could
likely benefit not only athletes but perhaps even the general
adult population who seems to lack the time to exercise.
To date, the optimal type of interval training program
(mode, intensity, duration, and recovery) is unclear. In addition, most SIT data have been collected with a cycling
protocol that is unfortunate because running is a more

t is well known that physical fitness can be improved
by either continuous or interval training regimens.
Traditional endurance training (ET) includes some
of both and requires a significant time commitment
(È30–60 minIdj1, several days a week [18]). Recently,
sprint interval training (SIT; repeated four to six bouts of
30-s ‘‘all-out’’ exercise, with 4-min rest intervals three times
per week over 6 wk) alone has been shown to produce
similar muscle and aerobic performance adaptations as ET
in less than half the time per session (10,17). This observation is intriguing and suggests that exercise intensity is a
more critical aspect of aerobic training adaptations than exercise volume.

universal exercise and, as such, can be applied to a far
greater range of exercise programs and athletic activities.
Moreover, ET training produces significant body fat losses
and improvements in cardiovascular (i.e., Q̇) and metabolic
(i.e., oxygen consumption by muscle) systems (6,18,22).
Although SIT has demonstrated significant metabolic
changes as well, there is currently no data on the effect of
SIT on either body composition or Q̇. This information is
critical to evaluate whether this seemingly time-efficient
training protocol yields body composition and cardiovascular changes like those with traditional ET.
Therefore, the purpose of this study was to determine
whether a running SIT protocol would induce similar
adaptations as ET and to document any chronic effects
on body mass, body composition, resting metabolic rate
(RMR), run time trial performance, V̇O2max, maximal Q̇
(Q̇max), and maximal arterial-mixed venous oxygen difference (a–v̄O2 difference). It was hypothesized that running
SIT would result in similar aerobic performance adaptations
as ET without affecting Q̇max.

METHODS
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Subjects. Twenty young healthy recreationally active
(11 ultimate Frisbee players, 9 university students) men
(n = 12) and women (n = 8) volunteered to participate. None
were training systematically before the study. All experimental procedures and potential risks were explained fully
to the subjects before any testing, and the subjects provided written, informed consent. In addition, overall health/
fitness was assessed via the Physical Activity Readiness
Questionnaire (36). On the basis of sex, time trial performance, and V̇O2max, all subjects were matched into one of
two groups: an ET group or an SIT group (Table 1). Subjects
were encouraged to maintain their prestudy physical activity
and diet patterns throughout the testing and training period.
This study was approved by The University of Western
Ontario Ethics Committee for Research on Human Subjects.
Study design. Subjects completed 6 wk of training
(three sessions per week) in either the ET or the SIT group.
Before and after training, subjects underwent a body
composition test, an RMR test, a V̇O2max test, a Q̇max test,
and a 2000-m run time trial performance. Body composition
TABLE 1. Subject characteristics before and after 6 wk of either SIT or ET.
Subject
Characteristics
Age (yr)
Height (cm)
Body mass (kg)
% fat
Fat mass (kg)
Lean mass (kg)
V̇O2max (mLIkgj1Iminj1)

SIT (n = 10)
Pretraining
24.3
173.7
76.0
18.4
13.7
62.3
46.8

T
T
T
T
T
T
T

3.3
9.2
15.0
6.2
4.9
14.5
5.1

ET (n = 10)

Posttraining
24.3
173.7
74.9
16.6
12.0
62.9
52.2

T
T
T
T
T
T
T

Pretraining

3.3
22.8 T 3.1
9.2
168.6 T 6.8
13.6
68.8 T 9.5
7.3*
20.8 T 9.7
4.9*
13.9 T 5.5
14.9* 54.9 T 12.2
6.5*
44.0 T 5.1

Posttraining
22.8
168.6
68.5
19.7
13.1
55.5
49.5

T
T
T
T
T
T
T

3.1
6.8
9.1
9.1*
5.0*
12.0*
8.3*

Values are presented as mean T SD. All between-group values were similar (P 9 0.05)
pretraining. Values are presented as mean T SEM.
* Significantly different from pretraining value (P G 0.05); none of the observed gains
were significant between groups.
SIT, sprint interval training; ET, endurance training.
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was measured before the RMR test or before the V̇O2max test
on a single day. All other tests were separated by 24 h.
Subjects refrained from alcohol, caffeine, and physical
activity 2 h before all testing and training sessions. Recovery
was standardized by allowing 48 h after the final training
session before the posttesting. Posttesting was completed
in the same order for all subjects (body composition/RMR/
V̇O2max, performance, and Q̇max). Before baseline testing,
subjects were familiarized with all testing and training
procedures to ensure that any learning effect was minimized.
Baseline tests. All exercise tests were performed on
separate days (6 d total for pretesting and 4 d total for
posttesting) and were completed at least 2 d before training.
Testing consisted of four measures:
1) Body composition. Body composition (lean mass and
fat mass) was determined by whole-body densitometry
using air displacement via the BodPodÒ (Life Measurements, Concord, CA). Testing was done in accordance with the manufacturer’s instructions as detailed
in the manual. Briefly, subjects were tested in approved clothing (i.e., swimsuit or compression shorts,
LycraÒ cap, and for the women, a sports bra). Thoracic gas volume was estimated for all subjects using
the predictive equation integral to the BodPodÒ software. The obtained value for body density was used
in the Siri (34) equation to estimate body composition.
We have shown previously that this technique is reliable (no significant difference between repeat trials,
P = 0.935; r = 0.992, P G 0.001; coefficient of variation = 0.15%; n = 980 duplicate measures [30]).
2) Resting metabolic rate. RMR was measured by indirect
calorimetry using an online breath-by-breath gas collection system (Vmax Legacy; Sensor Medics, Yorba
Linda, CA) after a 12-h overnight fast. The system was
calibrated before testing using gases of known concentration and flow with a 3-L syringe. Subjects limited their activity getting to the laboratory (drove or
took the bus), used the elevator upon arrival in the
building, and rested supine for 30 min in an environmental chamber (21-C). All measurements were performed between 0700 and 0900 h. A Hans Rudolph
silicon face mask (8940 Series; Hans Rudolph, Inc.,
Kansas, MO) was positioned over the subject’s nose
and mouth and after checking for leaks used to collect
expired gases for analysis. The subjects were instructed
to remain motionless and to avoid falling asleep during
the test. The average of the last 15 min of collection
was used to estimate the fasting energy expenditure
using the energy equivalent of oxygen from a table of
nonprotein respiratory quotient (32). Protein contribution was assumed to be similar across conditions.
3) V̇O2max test. Subjects performed a 5-min warm-up on
the treadmill (Desmo Pro; WoodwayÒ, Waukesha, WI)
at 5 mph (8 kph) for the women or 6 mph (9.7 kph)
for the men. After the warm-up, subjects performed a
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progressive, continuous incremental speed treadmill test
to determine V̇O2max and run velocity max. Subjects
started at 5.5 mph (8.9 kph) (women) or 6.5 mph
(10.5 kph) (men), and the speed was increased by
0.5 mph (0.8 kph) every minute until volitional exhaustion (duration of the test was between 6 and 12 min).
Oxygen consumption was collected continuously and
analyzed using an online breath-by-breath gas collection
system (Vmax Legacy, Sensor Medics), calibrated as
described above. Heart rate was recorded throughout the
test using a Polar HR monitor (RS200sdÒ; Polar Electro,
Inc., Quebec, Canada). The greatest 30-s average was
taken as the V̇O2max.
4) Maximal cardiac output. The test for Q̇max was conducted in a separate laboratory with a different measurement apparatus. Subjects performed practice trials
of the Q̇ procedure at rest and then at near-maximal
exercise. The test involved continuous treadmill running (Model TM310, Trackmaster; Jas Fitness System,
Newton, KS) at 90% of the speed that elicited V̇O2max
until they could not continue. The duration of the exercise test was between 4 and 7 min. Oxygen consumption
(see below) and HR (RS200sdÒ; Polar Electro, Inc.)
were measured throughout the test to ensure that the Q̇
measure was attained at or near V̇O2max. Gas exchange
was measured as described previously (1). Briefly, inspired and expired flow rates were measured using a
low dead space (90 mL) bidirectional turbine (VMM110; Alpha Technologies, Laguna Beach, CA), which
was calibrated before each testing session with a syringe
of known volume. Inspired and expired gases were
sampled continuously (every 20 ms) at the mouth and
analyzed for concentrations of O2, CO2, and N2 by mass
spectrometry (1100 Spectrometer; Perkin-Elmer, Ontario, Canada) after calibration with precision-analyzed
gas mixtures. Changes in gas concentrations were
aligned with gas volumes by measuring the time delay
for a square-wave bolus of gas passing the turbine to
the resulting changes in fractional gas concentrations as
measured by the mass spectrometer. Breath-by-breath
alveolar gas exchange was calculated by using algorithms of Beaver et al. (4).

5) Maximal stroke volume (SV) and arterial-mixed venous O2 difference. Maximal SV and arterial-mixed
venous O2 (a–v̄O2) difference were calculated in
accordance with a derivation of the Fick equation,
where whole-body V̇O2 is the product of Q̇ and the
a–v̄O2 difference. Values for HRmax and V̇O2 from the
Q̇max test were used.
6) Performance test (2000-m run time trial). Subjects were
instructed to complete 2000-m self-paced run time trials on a 200-m indoor track as quickly as possible
without feedback. Exercise time was recorded. Before
the study, subjects completed three run time trials on
separate occasions to minimize any learning effect. The
mean of the two best time trials was recorded as the
baseline test.
Training. Training commenced È48 h after the last
baseline measure and consisted of three training sessions per

TABLE 2. Summary of training protocols.
Group
SIT (n = 10)
ET (n = 10)

Protocol

Training Intensity

Total Exercise Time
(hI6 wkj1)

Total Rest Time
(hI6 wkj1)

Total Time
(hI6 wkj1)

Distance Covered
(kmI6 wkj1)

30 s  4–6, 4 min rest (3 wkj1)
30–60 min (3 wkj1)

Maximal effort
65% V̇O2max

0.75
13.5

6
0

6.75
13.5

10.3
36.4

SIT, sprint interval training; ET, endurance training.
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An acetylene (C2H2) non-rebreathing technique (breathing a C2H2 gas mixture in an open circuit system) was used
to measure Q̇max (5,25,39). This method provides reproducible Q̇ measurements during submaximal to maximal
exercise (5,25,29,39). Moreover, when measuring Q̇ during
maximal exercise, this technique can be better than the direct

Fick method because of the inherent risks involved and an
increasing inaccuracy in later stages of vigorous exercise
(39). The subjects were connected to a one-way valve assembly with a two-way valve on the inspired side. One input
was room air and the other a gas mixture containing known
concentrations of acetylene ((C2H2) (0.698%), helium (He)
(8.99%), O2 (21%), and N2 (BAL)). A plastic bag (Douglas
bag; Hans Rudolph, Inc.) was connected to the tank containing the gas mixture and to the valves at the mouth piece.
The bag was emptied before each testing session to prevent
contamination of inspired gas concentrations and gas dissociation due to density and then filled with the acetylene
mixture. When the subjects indicated that they could not run
any longer than another 30 s, HRmax was recorded, and the
Q̇max measure was initiated by turning the valve (at the end
of expiration) so that the subjects inspired the acetylene gas
mixture. Subjects were encouraged to maintain a constant
respiratory rhythm and to avoid coughing, swallowing, and
partial breaths. Concentrations of C2H2 and He were then
measured continuously for 10 breaths by the mass spectrometer. Digitized signals were interpreted by a commercially available software program (BIPS; Beck Integrated
Physiological Testing System, 2008). At the end of the
sampling time, the input valve was switched back to room
air, and the subject was allowed to stop running. Computer
analysis of the rate of disappearance of acetylene (the slope
between the first and the last breath of the maneuver) gives
an indication of the how fast blood is circulating, and Q̇ was
calculated. Data for the ET group reflect n = 9 because of
technical difficulties in the Q̇ measurement for one subject.

week over 6 wk with 1 to 2 d of recovery between sessions.
Each training session was monitored in the laboratory.
Endurance group. The ET group performed 30 to
60 min of continuous running at a speed designed to elicit
65% V̇O2max on a treadmill (Desmo Pro; WoodwayÒ).
The training progressed from 30 min in weeks 1 and 2 to
45 min during weeks 3 and 4 and 60 min during weeks 5 and
6 (Table 2).
Sprint interval group. Training for the sprint interval
group consisted of repeated, 30-s maximal running efforts
with 4 min of recovery (active recovery was encouraged).
Each sprint was completed on a treadmill (Desmo Pro;
WoodwayÒ) set in dynamic mode so that the subject was
the power source for the running belt. The number of bouts
increased from four (first 2 wk) to five (weeks 3 and 4) and
to six (last 2 wk of training) (Table 2). The treadmill was
interfaced with a computer to allow recording of speed and
HR data during each bout using MED-PRO software
(Personal Trainer version 4.4; WoodwayÒ; Fig. 1A).
Posttraining procedures. Posttraining measures were
identical with the baseline testing and commenced at least
2–4 d after the final training session.
Statistical analyses. Statistical analyses were performed using Sigma Stat for Windows (version 3.5, Systat
Software, Inc., Point Richmond, CA). After testing for normality and variance homogeneity, two-way (treatment  time)
repeated-measures ANOVA were used to test significance
between groups pretraining and posttraining, with Tukey
post hoc testing, where necessary. The significance level was
set at P G 0.05. All results are presented as means T SEM.
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RESULTS
Body composition. There was no significant difference
in body mass pretraining or posttraining within or between
groups. Interestingly, fat mass decreased significantly by
12.4% and 5.8% in the sprint and endurance groups, respectively, with no significant difference between groups
(Table 1). The decreases (P = 0.002) in fat mass in the SIT
group were due to changes in the men and not the women
(men: SIT, pretraining = 13.7 T 2.4 kg, posttraining = 10.7 T
2.3 kg; women: SIT, pretraining = 13.7 T 1.7 kg, posttraining = 14.0 T 1.1 kg), whereas the decreases (P = 0.002)
in the ET group occurred in both genders (men: ET, pretraining = 10.7 T 1.1 kg, posttraining = 10.2 T 1.0 kg;
women: ET, pretraining = 18.7 T 2.6 kg, posttraining =
17.3 T 2.5 kg). Moreover, lean mass increased (P = 0.037)
by 1.0% after training in both groups, with no significant
difference between groups.
Resting metabolic rate. There was no difference
(P = 0.479) in RMR pretraining or posttraining within or between training groups (SIT: pretraining = 6145 T 473 kJIdj1,
posttraining = 5669 T 381 kJIdj1; ET: pretraining = 5686 T
473 kJIdj1, posttraining = 5500 T 314 kJIdj1).
2000-m run time trial. The 2000-m run performance
was similar for both groups pretraining (È9 min). Time trial
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FIGURE 1—A, Speed (kph) and heart rate (bpm) over one representative 30-s maximal running bout on the manually driven treadmill.
Speed () and heart rate ()). B, The 2000-m run time trial (s) before
and after 6 wk of either SIT or ET, *Pre–post P G 0.017. C, V̇O2max
(mLIkgj1I minj1) before and after 6 wk of either SIT or ET, *Pre–post
P G 0.001. Thick lines are means for 10 subjects in each group (thin
lines are individual subjects). None of the observed gains were significantly different between groups. SIT, sprint interval training; ET,
endurance training.

performance improved (P G 0.017) by 4.6% (j25.6 s) and
5.9% (j31.9 s) in the SIT and ET groups, respectively
(Fig. 1B). These increases were not significantly different
between groups.
Anaerobic performance. Top speed (peak power)
achieved during the 30-s efforts increased (P = 0.002) by
5.1% or 0.6 mph (1 kph) from the first training session to

http://www.acsm-msse.org

Copyright @ 2010 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.

the last; however, there was no difference (P = 0.455) in
average speed during the 30-s effort over the 6 wk of training
(pretraining = 9.9 mph (16.0 kph); posttraining = 9.0 mph
(15.6 kph)).
V̇O2max. The majority of our subjects reached a V̇O2
plateau toward the end of the test (29 of 40 (73%)). Seven

SIT IMPROVES PERFORMANCE BUT NOT Q̇MAX

DISCUSSION
The present study is the first to examine the effects of
chronic (6 wk) SIT on central (Q̇max) and peripheral (a–v̄O2
difference) oxygen transport/uptake adaptations as well the
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FIGURE 2—A, Maximal cardiac output (LIminj1) before and after
6 wk of either SIT or ET, *Pre–post P = 0.01. B, Maximal SV (mL per
beat) before and after 6 wk of either SIT or ET, *Pre–post P = 0.076. C,
Maximal a–v̄O2 difference (mL O2I100 mLj1 blood) before and after
6 wk of either SIT or ET, †interaction effect P = 0.045. Thick lines
are means for 9 subjects in the ET group and 10 subjects in the SIT
group (thin lines are individual subjects). None of the observed gains
were significant between groups. SIT, sprint interval training; ET,
endurance training.

of the remaining 11 had an RER Q 1.1 or a peak HR within
10 bpm of their age-predicted maximum. Of the remaining
four, HR at the end of the maximal test was within 11, 14,
15, and 21 bpm of their age-predicted maximum. In all four
of these cases recorded, HRmax was consistent before
and after training (within 1 bpm), suggesting that their estimated HRmax may not be accurate.
Both SIT and ET improved (P G 0.001) V̇O2max by 11.5%
(46.8 T 1.6 to 52.2 T 2.0 mLIkgj1Iminj1) and 12.5% (44.0 T
2.0 to 49.5 T 2.6 mLIkgj1Iminj1), respectively (Fig. 1C).
The between-group differences in V̇O2max were not significant. Neither training group showed a change in running
economy after training (SIT: pre-submaximal, V̇O2 = 2.46 T
0.14 LIminj1; post-submaximal, V̇O2 = 2.62 T 0.18 LIminj1;
ET: pre-submaximal, V̇O2 = 2.18 T 0.17 LIminj1; postsubmaximal, V̇O2 = 2.26 T 0.13 LIminj1; P = 0.523).
Maximal cardiac output, SV, and a-v̄O2 difference. Q̇max increased (P = 0.01) with ET by 9.5% or
2.1 LIminj1 (22.2 T 2.0 to 24.3 T 1.6 LIminj1) but not after
SIT (24.5 T 1.2 to 24.4 T 1.2 LIminj1) (Fig. 2A). HRmax
during the Q̇max testing was similar pretraining and posttraining and between groups (SIT: pretraining = 178 T
4 bpm, posttraining = 180 T 3 bpm; ET: pretraining = 178 T
4 bpm, posttraining = 177 T 3 bpm) albeit at an HR approximately 10 bpm lower than observed on the V̇O2max
test. Measured V̇O2 (LIminj1) during the constant load Q̇max
test also increased with training (SIT: pretraining = 3.48 T
0.27 LIminj1, posttraining = 3.66 T 0.27 LIminj1; ET:
pretraining = 3.08 T 0.23 LIminj1, posttraining = 3.26 T
0.23 LIminj1) but was slightly lower (although not significantly different) compared with that attained during the
incremental speed test in the performance laboratory.
Thus, the Q̇ measures were made at exercise intensities
very close to V̇O2max and at a consistent relative intensity
pretraining and posttraining for both training groups (SIT:
pretraining = 94% V̇O2max, posttraining = 90% V̇O2max;
ET: pretraining = 99% V̇O2max, posttraining = 94% V̇O2max).
The increase in Q̇ with ET posttraining was via a 10.4%
or 13 mL per beat increase (P = 0.076) in SV (125 T 11 to
138 T 9 mL per beat). In contrast, there was no change in
SV with SIT (138 T 7 to 135 T 7 mL per beat) (Fig. 2B).
Further, there was a significant (P G 0.045) interaction effect
(group by time) between groups for a–v̄O2 difference
(Fig. 2C); the SIT increased a–v̄O2 difference by 7.1%, and in
the ET a–v̄O2 difference decreased by 7.1%.
Compliance with exercise training. All subjects
completed each of the exercise training sessions, with
the exception of one subject from each group (total of
five missed sessions due to injury; for details, see Discussion section).
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effects on body composition. Further, the majority of
SIT studies to date have used cycling as the training regimen, whereas this study evaluated a running SIT protocol.
Our results indicate that although 6 wk of run SIT resulted
in similar body composition, performance, and V̇O2max
improvements as ET, SIT had no effect on Q̇max.
Effect on body composition. Interestingly, the effect
of the running SIT protocol on body composition was similar (or perhaps greater) than that of ET. The SIT group lost
1.7 kg of body fat (12.4% of total fat mass), whereas the ET
group lost 0.8 kg (5.8%). These densitometric-based
observations extend the observations of several previous
interval training studies that have reported a loss in fat mass
after training with less intense but longer interval duration
using less direct body composition measures (37,38). Further, there may be a gender training mode interaction because the women in our study did not lose fat mass with SIT
but lost 1.4 kg with ET. However, a definitive conclusion
on this possibility must await further study because we had
only four women per group. Moreover, although not significantly different, the initial body fat values for the ET
women were slightly greater (ET = 30.6% vs SIT = 22.3%).
Both training groups also gained a significant amount of
lean mass (SIT = 0.6 kg, ET = 0.6 kg). Finally, the observed
similar over all body fat losses between training groups are
remarkable given that the total 6-wk exercise time was 18
longer for ET (13.5 vs 0.75 h).
Although the observed effects of ET on body composition
are likely due to the energy expenditure during the training
session primarily, such may not be the case with SIT. It is
known that intense interval exercise causes a greater negative postexercise energy balance or increased postexercise
oxygen consumption (EPOC) versus ET, and this could
promote a larger lipid and overall energy deficit with SIT
(2,26,38). Moreover, EPOC is influenced more by exercise
intensity than duration and has been correlated with the
amount of lactic acid produced during exercise (2,26). The
maximal efforts during SIT in the present study would certainly accumulate high quantities of lactic acid (8,20), likely
leading to an increased EPOC. Moreover, intense interval
training increases the concentration and activities of enzymes and proteins involved in beta oxidation (7,31,33,38)
as well as the transport of fat into the skeletal muscle cell
and mitochondria (35). Consequently, chronic fat use could
be altered with SIT and may have contributed to the observed body fat losses. Regardless, as mentioned, further
studies are required to explain the mechanisms behind the
fat loss that occurred in the present study with SIT.
Effect on 2000-m run time trial. The similar betweengroup time trial performance gains (here 5%–6%) are
consistent with previous cycling SIT to ET comparisons
showing that run SIT also results in comparable endurance
performance improvements despite a much smaller training
volume (10,17). Specifically, aerobic performances ranging
from 2- to 40-km cycling time trials (È4- to 80-min efforts)
have been reported to improve by 3.5% to 10.1% with SIT
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(8,17). This ability to perform better especially on longer
time trials after SIT could be a direct result of a variety of
factors, including reduced carbohydrate use (i.e., glycogen
sparing), decreased lactate accumulation, and/or increased
muscle buffering (7,17,20,21). Although improvements in
running economy could also contribute to the observed
improvement in time trial performance, this is unlikely with
the present study because neither training mode altered
submaximal V̇O2 during the five minute standardized warmup before the V̇O2max testing.
Effect on V̇O2max. The similar improvements in V̇O2max
with both training modes are also consistent with previous
studies that have compared cycling SIT and ET (10,23), indicating that run SIT, like cycling SIT, presents a significant stimulus to aerobic metabolism despite its short duration.
Effects on the cardiovascular system. Centrally,
training improvements in V̇O2max are due to increases in
Q̇max via an enhanced SV with little change in HRmax
(6,11,14,29). Our results were collected at similar, nearmaximal exercise workloads pretraining and posttraining
(as indicated by HR and V̇O2 measures) and demonstrate a
9.5% increase in Q̇max with ET but no change with SIT. The
increased Q̇max with ET was accompanied by a 13 mL-perbeat increase (P = 0.076) in maximal SV with no change in
HRmax. We believe that this observed maximal SV increase
is real because power calculations indicate that only three
additional subjects would produce significance at the P G
0.05 level. The increase in both Q̇ and SV in response to ET
appears to depend on the prolonged (30–60 min), constant
demand on the heart (6,11), with submaximal work rates
providing a sufficient intensity stimulus to elicit peak
SV throughout the exercise. Although high-intensity interval exercise training has been shown to increase Q̇max
(14,15,40), the exercise intensities studied previously were
less than maximal and the exercise intervals longer (8–10)
than our 30-s maximal efforts. Apparently, SIT, although
much more intense, is of insufficient duration increase Q̇max.
Peripherally, training improvements in V̇O2max are due to
increases in a–vO2 difference, which depend on O2 delivery
to active muscle fibers (blood flow distribution, capillary
density, and arterial O2 content), local enzymatic adaptations, and mitochondrial density/volume (6,11,15). Our
results demonstrate that the V̇O2max increases with SIT
were accompanied by an increased a–v̄O2 difference (7.1%),
whereas the a–v̄O2 difference was not increased with
ET. This peripheral (muscle) improvement with SIT is consistent with previous studies demonstrating enzymatic
(7,17,24,28,31,33) and mitochondrial adaptations (10,17).
Further, our significant increase in V̇O2max with SIT indicates that these peripheral adaptations are important functionally, which is not necessarily so because large
enzymatic changes can produce only small changes in
V̇O2max. The stimulus for this apparent greater peripheral
adaptation versus ET could be a lower O2 partial pressure
at the muscle because of a reduction in blood flow to the exercising muscle during SIT type exercise (16). Apparently,
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the ET stimulus studied was insufficient to induce similar
peripheral adaptations (12,13).
Others have reported that low-to-moderate-intensity ET
leads to improvements in Q̇max via SV increases, with little
or no change in a–v̄O2 difference, and that higher-intensity
training leads to increased muscle a–vO2 difference with no
change in Q̇ (14,15,40). Although these studies used much
lower exercise intensities (È90% of V̇O2max vs maximal
SIT) and an interval training model in which the total
amount of work was matched with ET, they suggest that
achieving a certain total exercise volume is necessary to
increase central capacity while higher-intensity exercise
targets the periphery. Clearly, our SIT exercise intensity
was sufficient to induce Q̇max adaptations, but it appears
that the 30-s duration used was too brief. To maximize
both central and peripheral training mechanisms, we hypothesize that either longer intervals of SIT (e.g., a typical high-intensity interval training program) or a mix of
SIT and ET would be ideal.
Safety. One subject from each group experienced an
injury during the 6 wk of training. Both were minor. The
subject in the SIT group did not complete his last four
training sessions because of a hamstring muscle pull but
completed the posttraining measures. The subject in the ET
group did not complete his last training session because of
knee discomfort but was able to complete the posttraining
measures. Both subjects were included in the results. Of
course, given the strenuous nature of the SIT, it is possible
that cardiovascular or musculoskeletal complications could
arise especially in older or less fit individuals. Therefore, it

would be wise to be cautious if SIT is implemented widely.
Importantly, a modest warm-up (2 min jogging in place) has
been shown to eliminate or drastically reduce the incidence
of heart arrhythmias with very strenuous exercise (treadmill
running at 14.5 kph, 30% grade) (3). Consequently, if a
proper warm-up is used, SIT may have the potential to improve both anaerobic and aerobic power quickly and safely.

CONCLUSIONS
Six weeks (three times per week) of SIT or ET produces
similar improvements in V̇O2max, time trial performance,
and body composition. However, the adaptations with ET
are of central origin (Q̇max) primarily, whereas those with
SIT are more peripheral (a–v̄O2 difference). Consequently,
endurance athletes should consider incorporating SIT into
their training regimes. Further, some version of SIT
(assuming adequate warm-up and reduced intensity) may
be beneficial for the general population. To maximize
benefits of SIT, duration intervals longer than 30 s or some
combination of SIT and ET are likely optimal. Future study
is necessary to provide details.
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Paterson.
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