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Extremely low volume, whole-body aerobic-
resistance training improves aerobic fitnhess and
muscular endurance in females

Gill McRae, Alexa Payne, Jason G.E. Zelt, Trisha D. Scribbans, Mary E. Jung,
Jonathan P. Little, and Brendon J. Gurd

Abstract: The current study evaluated changes in aerobic fitness and muscular endurance following endurance training and
very low volume, whole-body, high-intensity, interval-style aerobic—resistance training. Subjects’ enjoyment and implementa-
tion intentions were also examined prior to and following training. Subjects (22 recreationally active females (20.3 +

1.4 years)) completed 4 weeks of exercise training 4 days per week consisting of either 30 min of endurance treadmill train-
ing (~85% maximal heart rate; n = 7) or whole-body aerobic—resistance training involving one set of 8 X 20 s of a single
exercise (burpees, jumping jacks, mountain climbers, or squat thrusts) separated by 10 s of rest per session (n = 7). A third
group was assigned to a nontraining control group (n = 8). Following training, VOzpea Was increased in both the endurance
(~7%) and interval (~8%) groups (p < 0.05), whereas muscle endurance was improved (p < 0.05) in the interval group (leg
extensions, +40%; chest presses, +207%; sit-ups, +64%; push-ups, +135%; and back extensions, +75%). Perceived enjoy-
ment of, and intentions to engage in, very low volume, high-intensity, whole-body interval exercise were both increased fol-
lowing training (p < 0.05). No significant changes were observed for any variable in the control (nontraining) group. These
data demonstrate that although improvements in cardiovascular fitness are induced by both endurance and extremely low
volume interval-style training, whole-body aerobic—resistance training imparted addition benefit in the form of improved
skeletal muscle endurance.

Key words: VOnpeax, €xercise training, whole-body exercise, high-intensity interval training, muscle endurance.

Résumé : Cette étude évalue les modifications de la condition aérobie et de I’endurance musculaire a la suite d’un pro-
gramme d’entrainement a I’endurance et d’un programme d’entrainement aérobie—contre résistance a faible volume mobili-
sant tout ’organisme au moyen d’exercices d’intensité élevée effectués par intervalles. Avant et apres les programmes
d’entralnement, on évalue le plaisir et les intentions de s’y mettre. Les sujets (22 femmes actives par loisir et agées de

20,3 + 1,4 an participent a 4 semaines d’entrainement physique a raison de 4 jours par semaine et comprenant soit 30 min
d’endurance sur un tapis roulant (~85 % de la fréquence cardiaque maximale; n = 7) ou, en une séance, des exercices solli-
citant tout I’organisme en mode aérobie—contre résistance et comprenant une série de huit exercices uniques (sauts de gre-
nouille, sauts avec écart, grimper de montagne au sol ou des accroupissements suivis d’une poussée) réalisés en 20 s, mais
intercalés de 10 s de repos (n = 7). Un troisiéme groupe (n = 8) ne s’entrainant pas et sert de controle. A la suite des pro-
grammes d’entrainement, on observe une augmentation du VO, de créte (p < 0,05) chez le groupe d’endurance (~7 %) et le
groupe d’exercices par intervalles (~8 %); on observe une augmentation de ’endurance (p < 0,05) chez le groupe par inter-
valles (extension des jambes, 40 %; développé pectoral, 207 %; redressements assis, 64 %; pompes, 135 %; et extension du
dos, 75 %). A la suite des programmes d’entralnement, on observe une augmentation du plaisir et des intentions de s’entrai-
ner par intervalles au moyen d’exercices d’intensité élevée a faible volume mobilisant tout ’organisme (p < 0,05). Dans le
groupe de contrdle, on n’observe aucune modification significative de ces variables. D’apres ces observations, 1’amélioration
de la condition physique cardiovasculaire est présente dans les deux programmes d’entrainement, mais le programme d’en-
trainement aérobie—contre résistance sollicitant tout I’organisme a I’avantage de susciter une amélioration de I’endurance
musculosquelettique.
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[Traduit par la Rédaction]

Introduction

Regular exercise improves health and lowers risk of several
chronic diseases (Blair et al. 1989, 1995, 1996). Improve-
ments in both aerobic fitness and muscular performance (i.e.,
muscular strength and endurance) are linked with many of
the beneficial effects of exercise (Brill et al. 2000; Warburton
et al. 2006). Unfortunately, low rates of physical activity are
prominent in North America (Colley et al. 2011). Lack of
time has been reported to be the most frequent barrier to reg-
ular exercise participation regardless of age, sex, socioeco-
nomic status, and ethnicity (Godin et al. 1994; Trost et al.
2002). Recent evidence indicates that high-intensity exercise
may be a time-efficient exercise stimulus for improving aero-
bic fitness and health (Babraj et al. 2009; Burgomaster et al.
2008) and may also elicit greater adherence than more tradi-
tional, longer duration, low-intensity training (King et al.
1995; Bartlett et al. 2011).

Tabata et al. (1996) demonstrated that intermittent training
on a cycle ergometer, utilizing a protocol consisting of 7-8 X
20 s intervals separated by 10 s of rest, induced improve-
ments in both aerobic fitness and anaerobic capacity with a
very minimal time commitment (i.e., a total exercise time of
~4 min). Although this protocol, subsequently termed the
“Tabata protocol”, has not been studied further in humans,
the work-to-rest ratio utilized in this protocol can easily be
adapted for use with whole-body exercises. Given the similar-
ities between ‘“Tabata intervals” and traditional resistance
training (i.e., high-intensity exercise, short-duration intervals),
it is possible that whole-body exercise utilizing Tabata inter-
vals may represent both a potent aerobic stimulus and a form
of resistance training. This form of training could therefore
represent an attractive and time-efficient health-enhancing
strategy targeting several components of fitness. It is cur-
rently unclear if the limited exercise dose (time and total
work) associated with this protocol is sufficient to induce im-
provements in both aerobic capacity and muscular perform-
ance. If this style of aerobic—resistance interval training were
able to induce such adaptations, it may represent an alterna-
tive exercise training paradigm that could improve health
with minimal time and equipment requirements.

In addition, although females have been included in some
mixed-sex exercise training studies (e.g., (Burgomaster et al.
2008; Gurd et al. 2010)), and the efficacy of several models
of interval training has been demonstrated (Talanian et al.
2007; Metcalfe et al. 2012), there are few studies examining
adaptations to fitness and (or) muscle performance following
low-volume, high-intensity interval training in females. It is
therefore unclear whether females might benefit from low-
volume, high-intensity interval-style training.

The primary purpose of this study was to evaluate changes
in aerobic fitness and muscular performance induced by
whole-body exercise training — based on the protocol estab-
lished by Tabata et al. (1996) — in young healthy females

and compare these changes with those induced by traditional
endurance training. We hypothesized that aerobic fitness
would be improved following both endurance and whole-
body interval training, but only interval training would im-
prove muscle endurance.

The time efficiency of the Tabata protocol (~4 min of ex-
ercise per session) may also make it an appealing exercise al-
ternative for increasing exercise adherence. At present,
although there is some evidence that high-intensity interval
training may be perceived as enjoyable (Bartlett et al. 2011;
Little et al. 2011a), we are unaware of any data examining
the impact of whole-body, high-intensity interval training on
predictors of adherence to this form of training in females.
Thus our secondary purpose was to examine subjects’ enjoy-
ment and implementation intentions (specific plans to engage
in this exercise in the future) before and after training utiliz-
ing the Tabata protocol.

Methods

Study design

The study consisted of baseline assessment of physiologi-
cal and psychological parameters, one of two 4-week exercise
training interventions or a time-matched control period, and
posttraining testing. The details of each phase are described
below. Baseline testing was completed ~1 week before train-
ing. Posttraining testing was completed in an identical fash-
ion to baseline testing ~48-72 h after the final training
session. An additional control group was recruited wherein
subjects completed pre- and post-testing 4 weeks apart with
no exercise intervention. Control group subjects were of sim-
ilar age and fitness to the training group subjects and were
instructed to maintain their current levels of recreational
physical activity throughout the study.

Subjects

Female students studying at Queen’s University (n = 25)
volunteered to participate in this study. All subjects were rec-
reationally active (performing between 1 and 3 h of struc-
tured aerobic activity per week) prior to volunteering for the
study. Subject characteristics are shown in Table 1. Two sub-
jects in the endurance training group did not complete train-
ing due to foot and knee pain incurred during treadmill
running that made completion of the study intolerable. One
subject in the Tabata training group did not complete the
study due to an injury that took place outside the study. All
data associated with these subjects were excluded in the final
analysis. The remaining subjects in the training groups (en-
durance, n = 7; Tabata, n = 7) completed all 16 training ses-
sions over the 4-week training period. All subjects recruited
to the control group (n = 8) completed both pre- and post-
testing. To confirm that no change in activity occurred in the
control group throughout their involvement in the study, re-
peated physical activity recall (PAR) questionnaires were ad-
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Table 1. Subject characteristics before (pre) and after (post) training.

Control Endurance Tabata

Pre Post Pre Post Pre Post
Age, years 19.2+0.9 — 21.1+2.8 — 20.7+1.0 —
Height, cm 1645 — 163+5 — 168+8 —
Mass, kg 60.4+4.8 59.9+5.2 63.8+2.9 63.0+2.8 66.7+15.6 66.7+14.7
VOzpcak, mL-min~-kg™! 47+4.5 46+6.1 45+5.0 48+3.0% 43+7.6 46+7.8*
Bruce protocol TTF, s 825+87.3 783+122.2 833+85.8 934+80.1* 805+121.4 879+94.9%*
Cunningham—Faulkner, s 64+10.2 63+8.3 69+11.0 70+9.0 62+11.5 72+15.7

*Significantly different (p < 0.05) from pretraining value.

ministered. No change in the amount of activity reported by
the control group was observed. The study was approved by
the Health Sciences Human Research Ethics Board at
Queen’s University, and all subjects provided written in-
formed consent.

Training protocol-intervention

The endurance group completed 30 min of treadmill run-
ning at ~85% of maximal heart rate (HR,,; determined as
the highest HR observed during the pretesting VOzpeak or
Cunningham-Faulkner tests) 4 days per week for 4 weeks.
Speed and incline were adjusted throughout the training pe-
riod such that the target HR was met in all training sessions.
In the Tabata training group, subjects trained four times per
week for 4 weeks using a novel model of exercise training sim-
ilar to calisthenics or circuit-type training. Specifically, sub-
jects completed a single set of whole-body aerobic—resistance
training intervals (8 X 20 s intervals separated by 10 s of
rest) on each training day. A different exercise was per-
formed on each training day. Exercises utilized (burpees,
mountain climbers, jumping jacks, and squat and thrusts
(using a 2.25 kg dumbbell)) were chosen because they re-
quire no or minimal exercise equipment and target several
large muscle groups. It is important to note that on each
training day, only one exercise was performed, resulting in
a total exercise time of ~4 min per session. Subjects were
encouraged to perform as many repetitions (reps) per inter-
val as possible while maintaining correct form. Prior to
every training session, regardless of training group, subjects
performed a standard warm-up that consisted of walking
down and then up five flights of stairs.

Immediately following each set of eight intervals, subjects
reported ratings of perceived exertion (RPE; scale of 6 (noth-
ing) to 20 (maximal); Borg 1970), a fatigue rating for their
upper body (from 1 (minimal) to 10 (maximal)), and a fa-
tigue rating for their lower body (from 1 (minimal) to 10
(maximal)). Heart rate data were collected during the warm-
up and throughout all training sessions (Polar Team? Pro, La-
chine, Quebec, Canada).

Physiological testing

Prior to training, all subjects underwent two consecutive
days of physiological testing. The order of testing days was
randomized and counterbalanced such that half of partici-
pants completed testing day A first and the other half com-
pleted testing day B first (details of both testing days are
below). All subjects were familiarized with fitness and mus-
cular endurance tests prior to baseline testing. On the first

day of testing, all subjects completed a series of question-
naires (described below), and anthropometric measures
(height and body mass) were taken. Physiological testing
was repeated 48-72 h after completion of the final training
session. The order and time of day for testing days was the
same for pre- and post-training within each subject. Subjects
were instructed not to change dietary habits throughout the
study and not to consume alcohol or caffeine or exercise for
24 h prior to any testing protocol. Water was provided freely
during all testing days.

Testing Day A

Grip strength was assessed using a handgrip dynamometer
(JAMAR Hydraulic Hand Dynamometer, Sammons Preston
Inc., Bolingbrook, Illinois), while back and chest muscular
endurance (reps completed before volitional fatigue) were as-
sessed via pull downs (at 45% body mass) and chest-presses
(at 30% body mass), respectively.

Tests were performed on a pull-down machine and a chest-
press machine (Customized Equalizer 1000 series, Equalizer
Exercise Machines, Red Deer, Alberta, Canada). Abdominal
endurance was assessed by having subjects perform curl-ups
(sit-ups) to volitional fatigue. All exercises were performed at
a rate of 25 reps per minute (rpm), with subjects resting be-
tween tests until they felt comfortable with beginning the
next test.

Following completion the muscle endurance testing, sub-
jects were allowed to rest for as long as they wished
(~30 min) before anaerobic capacity was assessed using the
Cunningham—Faulkner test (6300 Treadmill, SportsArt Fit-
ness, Tainan City, Taiwan, Republic of China). This rest
time was recorded and kept the same within each subject for
posttesting. Following a 3-min warm-up period (grade, 2%;
speed, 3 miles per hour (mph)), the treadmill grade was in-
creased to 15%, while speed was increased to 7 mph. Due to
safety concerns, three participants were unable to complete
the test at the original speed; for these subjects, the test was
modified by decreasing the speed to 6 or 6.5 mph as appro-
priate. Where modifications were made, the modified speed
was held constant for both pre- and post-training tests. Sub-
jects were instructed to run for as long as possible, and the
time at volitional fatigue was recorded.

Testing Day B

Quadricep endurance and hamstring endurance were as-
sessed using leg extension (at 85% of body mass) and leg
curl (at 75% of body mass) tests, respectively. Both tests were
performed on a leg extension — leg curl machine (INSTINCT
Dual Leg Extension/Leg Curl, STAR TRAC, Irvine, Califor-
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nia). Subjects performed repetitions of either exercise at a
rate of 25 rpm to volitional fatigue. Push-ups were per-
formed at a rate of 30 rpm also to volitional fatigue. Back-
extension endurance was tested by having participants lie in
a prone position and extend both the hips and shoulders
while maintaining the shoulders, hips, and ankles in line.
The test was terminated when proper position could no lon-
ger be maintained or upon volitional fatigue.

As on testing day A, following muscle endurance testing,
subjects were allowed to rest for as long as they wished
(~30 min) before completing a maximal oxygen uptake
(VOzpeak) test performed on a treadmill, using a modified
Bruce protocol (Bruce et al. 1973). Heart rate and gas ex-
change were collected throughout the entire test using a
Moxus Modular VO, system (Moxus metabolic cart, AEI
Technologies, Pittsburgh, Pennsylvania). Resting data were
collected for 3 min prior to warm-up. Warm-up was com-
pleted at an incline of 2% and a speed of 2.5 mph for 3 min.
Following warm-up, grade increased 2% every 3 min, with
speed increasing from 2 mph in warm-up to 4 mph in stage 1,
5 mph in stage 2, and 5.5 mph for the remainder of the test.
The test was terminated when the subject reached volitional
fatigue. Attainment of VOZpea_k was verified by a RER value
greater than 1.1 or by achieving age-predicted HR ., (220 —
age). We did not consistently observe a plateau in the VO,
response during the ramp protocol. VOzpeak was calculated
by averaging the VO, values from the final 30 s of the proto-
col.

Activity and psychological surveys

At baseline, on day 1 of each week of training (or control
period), and during posttesting, participants were asked to
complete a 7-day PAR questionnaire. Subjects were asked to
recall any activity that they had undertaken outside the study
training sessions over the previous 7 days. The questionnaire
used was adapted from Sallis et al. (1985).

On the first testing day at baseline and posttraining, sub-
jects assigned to the Tabata training group were asked to
complete a questionnaire designed to examine enjoyment of,
and implementation intentions for, whole-body interval train-
ing. Specifically, the following measures were taken at both
time points. (i) Exercise enjoyment. Using a single-item
measure of enjoyment, subjects were asked “how enjoyable
is it for you to complete 4 min of whole-body, high-intensity
exercise four times per week?” using a 10-point Likert-type
scale, ranging from 1 (not enjoyable at all) to 10 (extremely
enjoyable). (i) Intentions. Subject’s intentions to add the 4-
min whole-body, high-intensity exercise routine performed in
this study to their weekly schedule after the completion of
the study was also examined. Two items were used to assess
participant’s intentions to implement this training into their
routine: (i) once per week, and (ii) three times per week. Re-
sponses were made on a 10-point Likert-type scale, ranging
from 1 (strongly disagree) to 10 (strongly agree).

Statistical analysis

All results are expressed as mean + standard deviation, and
the level of significance was established as p < 0.05. VOzpeak,
the Cunningham-Faulkner test, all strength—endurance meas-
ures, results of the psychological questionnaires, and the re-
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Fig. 1. VOopeax is improved following both endurance and Tabata
training. (A) Percent change in VOzpeak (expressed relative to base-
line testing) is shown for the control, endurance, and Tabata groups,
as well as (B) individual responses to the Cunningham—Falkner test.
*, significantly different (p < 0.05) from pretraining testing.
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sults of the 7-day PAR across the 4 weeks of training and
control were analyzed by two-factor (group X time)
ANOVA with repeated measures on the second factor. A
two-factor (exercise X week) repeated measures ANOVA
was used to analyze the HR response, RPE, fatigue index,
and number of reps completed for each exercise across the
4 weeks of training within the Tabata group. For significant
F tests, Student-Neuman—Keuls post hoc tests were used to

make pairwise comparisons.

Results

Physiological testing

Following training, the time to fatigue during the modified
Bruce protocol increased significantly in both the endurance
(p < 0.05) and Tabata (p < 0.05) groups (Table 1). This was
accompanied by an associated increase (p < 0.05) in VOZpea_k
of ~7%—8% (Table 1; Fig. 1). The changes between pre- and
post-testing observed in the endurance and Tabata groups
were not different from each other (» > 0.05), and no change
was observed between pre- and post-testing for VOzpeak in
the control group.

No differences were observed between control and trained
subjects at baseline, and there were no posttesting changes in
the control group for any of the variables tested. In the
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endurance-trained group, a significant improvement for
muscle endurance was only observed in a modest increase
(+3.1 reps, ~17%; p < 0.05) for lat pulldowns. In the Tabata
group, the maximum number of leg extensions increased
(p < 0.05) by 40%, while the maximum number of leg curls
remained unchanged (Fig. 2A). The maximum number of
pulldowns was unchanged, while chest press reps increased
(p < 0.05) by 207% and push-ups increased (p < 0.05) by
135% (Fig. 2B). Finally, there were significant increases
(p < 0.05 for all) in the number of sit-ups performed
(+64%) and for back extension time (+175%) (Fig. 2C). The
increases observed for leg extensions, chest presses, push-
ups, sit-ups, and back extensions in the Tabata group were
significantly greater (p < 0.05 for all) than the changes in
both the control and endurance groups. No changes were ob-
served for time to fatigue during the Cunningham—Faulkner
test (Table 1; Fig. 1) or maximal grip strength in any group.

Physical activity and psychological questionnaires

No differences were observed for self-reported physical ac-
tivity performed outside the study between any of the weeks
examined (pretraining, weeks 1-4 of the intervention, and
posttraining) for any group (data not shown). Perceived en-
joyment of high-intensity, whole-body exercise increased
posttraining compared with pretraining (p < 0.05; Table 2).
Subjects also reported greater intentions to engage in whole-
body, high-intensity exercise once, but not three times, per
week upon completion of the study (p < 0.05; Table 2).

Characterization of training sessions

Although the total number of burpees performed during
each training session did not change (week 1, 33 + 5; week 4,
37 + 8), there were significant (p < 0.05) increases for the to-
tal number of mountain climbers (week 1, 29 + 5; week 4,
38 + 7), jumping jacks (week 1, 160 =+ 39; week 4, 206 +
56), and squat and thrusts (week 1, 76 + 12; week 4, 95 + 12).

The mean HR (presented as % HR,,,,) elicited by burpees
was greater (p < 0.05) in week 1 (92 + 4) than in weeks 2, 3,
and 4 (88 + 5). Across all four weeks of training, burpees
elicited an average RPE of 16.9 + 1.6, an upper-body fatigue
index (UBFI) of 7.1 + 1.2, and lower-body fatigue index
(LBFI) of 6.8 + 1.6. No significant differences across train-
ing weeks were observed for mountain climbers (HR, 84 +
4; RPE, 17.3 + 1.4; UBFI, 85 + 1.0; LBFI, 6.8 + 1.6),
jumping jacks (HR, 86 + 6; RPE, 13.3 + 1.8; UBFI, 3.7 +
1.4; LBFIL, 4.3 + 1.5), or squat and thrusts (HR, 83 + 6;
RPE, 16.1 + 2.0; UBFI, 7.9 + 1.5; LBFI, 6.5 + 1.5). The
mean HR response was significantly greater (p < 0.05) for
burpees than for all other exercises, while RPE, UBFI, and
LBFI were lower (p < 0.05) for jumping jacks than for the
other three exercises.

Discussion

In the current study, we compared changes in aerobic and
anaerobic fitness and muscular endurance induced by contin-
uous endurance training with changes following training uti-
lizing whole-body aerobic—resistance interval training based
on the Tabata protocol (Tabata et al. 1996) in females. The
major findings are that training using the modified Tabata
protocol for 4 weeks (i) improved aerobic fitness (VOzpeak)

Appl. Physiol. Nutr. Metab. Vol. 37, 2012

Fig. 2. Changes in lower- and upper-body muscular endurance fol-
lowing endurance and Tabata training. Changes in maximal repeti-
tions (max reps) from pretraining testing for (A) lower-body
muscular endurance (leg extensions and leg curls), (B) upper-body
muscle endurance (lat pulldowns, chest press, and push-ups), and
(C) core strength (sit-ups and back extensions) are shown. *, signif-
icantly different (»p < 0.05) from pretraining testing.

A
20- .
™ 1 Leg extention
% Bl Leg curls
»
3_8 104
Q£
X8
29 o .
(o)) T
c
©
<
)
-10 . . .
Control Endurance Tabata
B 15
< [ Lat pulldowns *
= Bl Chest press
%107 mm Push-ups
n ©
ol
o g 5 *
s &
= o
2 o
(1]
<
)
-5 T T T
Control Endurance Tabata
¢ 65
= [ Sit-ups *
£ 957 mm Back extention
S 3 207
2 €
o
T *
g 2 ;l
A
e
L
-10

T T T
Control Endurance Tabata

to the same degree as 30 min per day of continuous high-
intensity treadmill running, and (i7) improved lower-body,
upper-body, and core muscular endurance while endurance
training had no effect. These findings demonstrate that
whole-body interval training provides additional benefit (im-
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Table 2. Perceived enjoyment and intentions to implement
from before (pre) and after (post) training for the Tabata

group.

Tabata
Pre Post
Perceived enjoyment 6.1+1.4 7.1+1.6%
Intentions to implement 7.4+1.1 8.7+1.1%
(once per week)
Intentions to implement 6.7+1.6 7.0+1.2

(three times per week)

*Significantly different (p < 0.05) from pretraining value.

proved muscle endurance) when compared with continuous
exercise. Further, it would appear that the minimal dose of
high-intensity exercise required to improve both aerobic ca-
pacity and muscle performance lies at or below 4 min per
day, 4 days per week.

Whole-body interval training and aerobic fitness

Although the ability of endurance training to increase aero-
bic fitness is well established (Blair et al. 1989, 1995, 1996),
an emerging body of evidence suggests that high-intensity in-
terval training is as effective, if not more effective, at induc-
ing improvements in aerobic fitness (VOzpeak) (Poole and
Gaesser 1985; Gorostiaga et al. 1991; Burke et al. 1994; Ta-
bata et al. 1996; MacDougall et al. 1998; Harmer et al. 2000;
Burgomaster et al. 2008; McKay et al. 2009; Gurd et al.
2010; Macpherson et al. 2011). In the current study, we uti-
lized a training protocol consisting of 8 X 20 s intervals of
whole-body aerobic—resistance exercise separated by 10 s of
rest. Although the work-to-rest ratio utilized was adapted from
the work of Tabata et al. (1996), we have demonstrated that
this protocol is able to enhance aerobic capacity using a novel
mode of exercise (whole-body aerobic—resistance exercise).
While the original work utilized a work rate corresponding to
170% VOzpeak, we are unable to comment with certainty on the
intensity of the current protocol except to state that subjects
were instructed to perform as many reps as possible and that
all exercises elicited mean HR responses above 80% HR,,.
These results are consistent with the notion that short-duration,
high-intensity interval training is an effective stimulus to in-
crease aerobic fitness. Our novel findings extend previous
work by indicating that improvements in aerobic fitness can
occur following extremely low volume (4 min per day, 4 days
per week), whole-body aerobic—resistance training that is not
specific to the modality of exercise used for testing.

At present, the mechanisms underlying this increase in
VOzpeak are unclear. Interestingly, improvements in skeletal
muscle markers of mitochondrial content and function in
swim-trained rats have been demonstrated following a similar
protocol to that used in the current study (Terada et al. 2001,
2004, 2005). Similar metabolic adaptations have also been
observed in humans performing 2-6 weeks of training in-
volving three weekly sessions of 4—6 X 30 s bouts of maxi-
mal exertion on a cycle ergometer (Burgomaster et al. 2005,
2007, 2008; Gibala et al. 2006). These metabolic adaptations
within skeletal muscle following high-intensity interval train-
ing occur through complex pathways including the signaling
molecules CAMK, AMPK, SIRT1, and PGC-la (Gibala
2009; Wright et al. 2007; Little et al. 2011b; Gurd et al.
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2011). Although these pathways were likely activated during
whole-body intervals resulting in elevated muscle oxidative
capacity contributing to the improvements in aerobic capacity
observed in the present study, these increases in muscle met-
abolic function have yet to be confirmed. In addition, cardio-
vascular adaptations may also contribute to the observed
improvements in aerobic fitness; however, recent evidence
suggests that short-duration interval training does not appear
to improve maximal cardiac output (Macpherson et al.
2011). Further research is needed before the mechanisms
underlying aerobic adaptations to short-term, whole-body
aerobic—resistance interval training are fully understood.

In contrast to the results of Tabata et al. (1996), anaerobic
capacity was not increased in the current study. Other studies
utilizing high-intensity interval training on a cycle ergometer
have demonstrated increases in anaerobic power (Linossier et
al. 1993; MacDougall et al. 1998). These discrepant findings
may be a result of the different modes of exercise utilized in
these studies (cycling vs. whole-body exercise) or due to dif-
ferent tests being used to measure anaerobic capacity. In the
current study, we utilized the Cunningham—Faulkner tread-
mill sprinting test, while Tabata et al. (1996) calculated the
maximal accumulated oxygen deficit, and others calculated
maximal power during a Wingate cycle ergometer test (Li-
nossier et al. 1993; MacDougall et al. 1998). The lack of in-
crease in anaerobic capacity may also be the result of training
mode specificity, as subjects did not perform sprint running
during training.

Whole-body interval training and muscular endurance

In addition to the marked increase in aerobic fitness,
4 weeks of whole-body, high-intensity interval training also
resulted in an increase in muscular endurance across a variety
of muscle groups (Figs. 2). We did not specifically assess
muscular strength on each exercise (i.e., 1 repetition maxi-
mum), but handgrip strength did not increase following train-
ing. These finding are consistent with whole-body interval
training fitting on the ‘“strength—endurance continuum”
theory of resistance exercise (Campos et al. 2002). This
theory proposes that high-weight, low-repetition exercise
will improve muscular strength, whereas low-weight, high-
repetition exercise (similar to that performed in the current
study) will improve muscular endurance (Campos et al.
2002). Although the mechanisms underlying this increase
in muscle endurance were not investigated, we speculate
that improvements in oxidative capacity typically observed
following high-intensity interval training in skeletal muscle
(Burgomaster et al. 2008; Gibala et al. 2006; Little et al.
2010) likely contributed to a decreased reliance on substrate
level phosphorylation (decreased PCr breakdown, glycogen
turnover, and lactate accumulation) and subsequent delays
in the development of muscle fatigue. Although these mech-
anisms require further research, our findings demonstrate
that whole-body, short-duration, high-intensity intervals,
originally designed to improve aerobic fitness, can also im-
pact muscular endurance in previously untrained females.

Predictors of behavior change before and after whole-
body interval training

Regardless of how drastic the physiological changes are
following any exercise training intervention, the general pub-

Published by NRC Research Press



Appl. Physiol. Nutr. Metab. Downloaded from www.nrcresearchpress.com by UNIV OF SOUTH AUSTRALIA on 09/27/12
For personal use only.

1130

lic is not likely to choose to engage in such activities unless
they find them inherently enjoyable (Emmons and Diener
1986; Ekkekakis et al. 2008). High-intensity interval exercise
has been shown to be perceived as enjoyable (Bartlett et al.
2011; Little et al. 2011a). Reports of physical activity enjoy-
ment were higher after a single bout of intervals performed
on a treadmill as compared with perceived physical activity
enjoyment after a single bout of continuous running on a
treadmill in a sample of fit, active young adults (VO =
~57 mL-kg!-min~!; Bartlett et al. 2011). To our knowledge,
this is the first study to examine enjoyment and intentions for
whole-body aerobic—resistance training. In the present study,
perceived enjoyment of the whole-body aerobic—resistance
exercise protocol increased from pre- to post-training, as
did intentions to engage in this type of exercise in the fu-
ture. This is a noteworthy finding given that much of the
affective response — exercise intensity literature would sug-
gest that the higher intensity prescribed in this study would
be rated as not enjoyable (Ekkekakis et al. 2008). It would
be informative for future work to examine and compare
changes in enjoyment and implementation intentions during,
and following, both interval and endurance training.

Conclusion

In recreationally active females, four weeks (4 days-week1)
of very low volume, whole-body, high-intensity interval
training elicited similar improvements in aerobic capacity as
endurance training, but resulted in the additional benefit of
increased muscular endurance. Additional research is re-
quired to examine the contributing factors and cellular path-
ways (presumably in skeletal muscle) that mediate these
adaptations. Further studies may also wish to examine
whether this type of exercise can improve markers of health
in individuals at risk for developing inactivity-related dis-
eases such as cardiovascular disease and type 2 diabetes.
Given the minimal requirement for exercise equipment and
the low time commitment, studies exploring adaptations
and adherence to this whole-body, high-intensity interval
training protocol could facilitate application to home-based
exercise programs. This could have widespread impact for
encouraging exercise participation and resultant improve-
ments in health.

Acknowledgments

We would like to thank a very dedicated group of subjects
who made this project possible. This study was supported by
grants from the Canadian Foundation for Innovation and the
Natural Sciences and Engineering Research Council of Can-
ada to B.J.G. We would also like to acknowledge the intellec-
tual contributions of Jasmin Ma to this manuscript. The
authors state that there were no conflicts of interest present
in the current work.

References

Babraj, J.A., Vollaard, N.B., Keast, C., Guppy, F.M., Cottrell, G., and
Timmons, J.A. 2009. Extremely short duration high intensity
interval training substantially improves insulin action in young
healthy males. BMC Endocr. Disord. 9(1): 3. doi:10.1186/1472-
6823-9-3. PMID:19175906.

Bartlett, J.D., Close, G.L., MacLaren, D.P., Gregson, W., Drust, B.,
and Morton, J.P. 2011. High-intensity interval running is perceived

Appl. Physiol. Nutr. Metab. Vol. 37, 2012

to be more enjoyable than moderate-intensity continuous exercise:
implications for exercise adherence. J. Sports Sci. 29(6): 547-553.
doi:10.1080/02640414.2010.545427. PMID:21360405.

Blair, S.N., Kohl, H.W., IIl, Paffenbarger, R.S., Jr., Clark, D.G.,
Cooper, K.H., and Gibbons, L.W. 1989. Physical fitness and all-
cause mortality. A prospective study of healthy men and women.
JAMA,  262(17):  2395-2401.  doi:10.1001/jama.1989.
03430170057028. PMID:2795824.

Blair, S.N., Kohl, H.W., III, Barlow, C.E., Paffenbarger, R.S., Jr.,
Gibbons, L.W., and Macera, C.A. 1995. Changes in physical
fitness and all-cause mortality. A prospective study of healthy and
unhealthy men. JAMA, 273(14): 1093-1098. doi:10.1001/jama.
1995.03520380029031. PMID:7707596.

Blair, S.N., Kampert, J.B., Kohl, H.W., III, Barlow, C.E., Macera,
C.A., Paffenbarger, R.S., Jr., and Gibbons, L.W. 1996.
Influences of cardiorespiratory fitness and other precursors on
cardiovascular disease and all-cause mortality in men and
women. JAMA, 276(3): 205-210. doi:10.1001/jama.1996.
03540030039029. PMID:8667564.

Borg, G. 1970. Perceived exertion as an indicator of somatic stress.
Scand. J. Rehabil. Med. 2(2): 92-98. PMID:5523831.

Brill, P.A., Macera, C.A., Davis, D.R., Blair, S.N., and Gordon, N.
2000. Muscular strength and physical function. Med. Sci. Sports
Exerc. 32(2): 412-416. doi:10.1097/00005768-200002000-00023.
PMID:10694125.

Bruce, R.A., Kusumi, F., and Hosmer, D. 1973. Maximal oxygen
intake and nomographic assessment of functional aerobic impair-
ment in cardiovascular disease. Am. Heart J. 85(4): 546-562.
doi:10.1016/0002-8703(73)90502-4. PMID:4632004.

Burgomaster, K.A., Hughes, S.C., Heigenhauser, G.J., Bradwell, S.N.,
and Gibala, M.J. 2005. Six sessions of sprint interval training
increases muscle oxidative potential and cycle endurance
capacity in humans. J. Appl. Physiol. 98(6): 1985-1990.
doi:10.1152/japplphysiol.01095.2004. PMID:15705728.

Burgomaster, K.A., Cermak, N.M., Phillips, S.M., Benton, C.R.,
Bonen, A., and Gibala, M.J. 2007. Divergent response of
metabolite transport proteins in human skeletal muscle after sprint
interval training and detraining. Am. J. Physiol. Regul. Integr.
Comp. Physiol. 292(5): R1970-R1976. doi:10.1152/ajpregu.
00503.2006. PMID:17303684.

Burgomaster, K.A., Howarth, K.R., Phillips, S.M., Rakobowchuk,
M., Macdonald, M.J., McGee, S.L., and Gibala, M.J. 2008.
Similar metabolic adaptations during exercise after low volume
sprint interval and traditional endurance training in humans. J.
Physiol. 586(1): 151-160. doi:10.1113/jphysiol.2007.142109.
PMID:17991697.

Burke, J., Thayer, R., and Belcamino, M. 1994. Comparison of effects
of two interval-training programmes on lactate and ventilatory
thresholds. Br. J. Sports Med. 28(1): 18-21. doi:10.1136/bjsm.28.
1.18. PMID:8044486.

Campos, G.E., Luecke, T.J., Wendeln, H.K., Toma, K., Hagerman,
F.C., Murray, T.F., et al. 2002. Muscular adaptations in response to
three different resistance-training regimens: specificity of repetition
maximum training zones. Eur. J. Appl. Physiol. 88(1-2): 50-60.
doi:10.1007/s00421-002-0681-6. PMID:12436270.

Colley, R.C., Garriguet, D., Janssen, I., Craig, C.L., Clarke, J., and
Tremblay, M.S. 2011. Physical activity of Canadian adults:
accelerometer results from the 2007 to 2009 Canadian Health
Measures Survey. Health Rep. 22(1): 7-14. PMID:21510585.

Ekkekakis, P., Hall, E.E., and Petruzzello, S.J. 2008. The relationship
between exercise intensity and affective responses demystified: to
crack the 40-year-old nut, replace the 40-year-old nutcracker! Ann.
Behav. Med. 35(2): 136-149. doi:10.1007/s12160-008-9025-z.
PMID: 18369689.

Published by NRC Research Press



Appl. Physiol. Nutr. Metab. Downloaded from www.nrcresearchpress.com by UNIV OF SOUTH AUSTRALIA on 09/27/12
For personal use only.

McRae et al.

Emmons, R., and Diener, E. 1986. A goal-affect analysis of everyday
situational choices. J. Res. Pers. 20(3): 309-326. doi:10.1016/
0092-6566(86)90137-6.

Gibala, M. 2009. Molecular responses to high-intensity interval
exercise. Appl. Physiol. Nutr. Metab. 34(3): 428-432. doi:10.
1139/H09-046. PMID:19448710.

Gibala, M.J., Little, J.P., van Essen, M., Wilkin, G.P., Burgomaster,
K.A., Safdar, A., et al. 2006. Short-term sprint interval versus
traditional endurance training: similar initial adaptations in human
skeletal muscle and exercise performance. J. Physiol. 575(3): 901—
911. doi:10.1113/jphysiol.2006.112094. PMID:16825308.

Godin, G., Desharnais, R., Valois, P., Lepage, L., Jobin, J., and
Bradet, R. 1994. Differences in perceived barriers to exercise
between high and low intenders: observations among different
populations. Am. J. Health Promot. 8(4): 279-285. doi:10.4278/
0890-1171-8.4.279.

Gorostiaga, E.M., Walter, C.B., Foster, C., and Hickson, R.C. 1991.
Uniqueness of interval and continuous training at the same
maintained exercise intensity. Eur. J. Appl. Physiol. Occup.
Physiol. 63(2): 101-107. doi:10.1007/BF00235177. PMID:
1748098.

Gurd, BJ., Perry, C.G.R., Heigenhauser, G.J.F., Spriet, L.L., and
Bonen, A. 2010. High-intensity interval training increases SIRT1
activity in human skeletal muscle. Appl. Physiol. Nutr. Metab.
35(3): 350-357. doi:10.1139/H10-030. PMID:20555380.

Gurd, B.J., Yoshida, Y., McFarlan, J.T., Holloway, G.P., Moyes, C.D.,
Heigenhauser, G.J., et al. 2011. Nuclear SIRT1 activity, but not
protein content, regulates mitochondrial biogenesis in rat and
human skeletal muscle. Am. J. Physiol. Regul. Integr. Comp.
Physiol. 301(1): R67-R75. doi:10.1152/ajpregu.00417.2010.
PMID:21543634.

Harmer, A.R., McKenna, M.J., Sutton, J.R., Snow, R.J., Ruell, P.A.,
Booth, J., et al. 2000. Skeletal muscle metabolic and ionic
adaptations during intense exercise following sprint training in
humans. J. Appl. Physiol. 89(5): 1793-1803. PMID:11053328.

King, A.C., Haskell, WL., Young, D.R., Oka, R.K., and Stefanick,
M.L. 1995. Long-term effects of varying intensities and formats of
physical activity on participation rates, fitness, and lipoproteins in
men and women aged 50 to 65 years. Circulation, 91(10): 2596—
2604. doi:10.1161/01.CIR.91.10.2596. PMID:7743622.

Linossier, M.T., Denis, C., Dormois, D., Geyssant, A., and Lacour, J.R.
1993. Ergometric and metabolic adaptation to a 5-s sprint
training programme. Eur. J. Appl. Physiol. Occup. Physiol.
67(5): 408-414. doi:10.1007/BF00376456. PMID:8299612.

Little, J.P., Safdar, A.S., Wilkin, G.P., Tarnopolsky, M.A., and
Gibala, M.J. 2010. A practical model of low-volume high-intensity
interval training induces mitochondrial biogenesis in human
skeletal muscle: potential mechanisms. J. Physiol. 588(6): 1011—
1022. doi:10.1113/jphysiol.2009.181743. PMID:20100740.

Little, J.P., Gillen, J.B., Percival, M.E., Safdar, A., Tarnopolsky, M.A.,
Punthakee, Z., et al. 2011a. Low-volume high-intensity interval
training reduces hyperglycemia and increases muscle mitochon-
drial capacity in patients with type 2 diabetes. J. Appl. Physiol.
111(6):  1554-1560.  doi:10.1152/japplphysiol.00921.2011.
PMID:21868679.

Little, J.P., Safdar, A., Bishop, D., Tarnopolsky, M.A., and Gibala,
M.J. 2011b. An acute bout of high-intensity interval training
increases the nuclear abundance of PGC-loa and activates
mitochondrial biogenesis in human skeletal muscle. Am. J.
Physiol. Regul. Integr. Comp. Physiol. 300(6): R1303-R1310.
doi:10.1152/ajpregu.00538.2010. PMID:21451146.

MacDougall, J.D., Hicks, A.L., MacDonald, J.R., McKelvie, R.S.,

1131

Green, H.J., and Smith, K.M. 1998. Muscle performance and
enzymatic adaptations to sprint interval training. J. Appl. Physiol.
84(6): 2138-2142. PMID:9609810.

Macpherson, R.E., Hazell, TJ., Olver, T.D., Paterson, D.H., and
Lemon, P.W. 2011. Run sprint interval training improves aerobic
performance but not maximal cardiac output. Med. Sci. Sports
Exerc. 43(1): 115-122. doi:10.1249/MSS.0b013e3181e5eacd.
PMID:20473222.

McKay, B.R., Paterson, D.H., and Kowalchuk, J.M. 2009. Effect of
short-term high-intensity interval training vs. continuous training
on O, uptake kinetics, muscle deoxygenation, and exercise
performance. J. Appl. Physiol. 107(1): 128-138. doi:10.1152/
japplphysiol.90828.2008. PMID:19443744.

Metcalfe, R.S., Babraj, J.A., Fawkner, S.G., and Vollaard, N.B. 2012.
Towards the minimal amount of exercise for improving metabolic
health: beneficial effects of reduced-exertion high-intensity
interval training. Eur. J. Appl. Physiol. 112(7): 2767-2775.
PMID:22124524.

Poole, D.C., and Gaesser, G.A. 1985. Response of ventilatory and
lactate thresholds to continuous and interval training. J. Appl.
Physiol. 58(4): 1115-1121. PMID:3988668.

Sallis, J.F., Haskell, W.L., Wood, P.D., Fortmann, S.P., Rogers, T.,
Blair, S.N., and Paffenbarger, R.S., Jr. 1985. Physical activity
assessment methodology in the Five-City Project. Am. J.
Epidemiol. 121(1): 91-106. PMID:3964995.

Tabata, 1., Nishimura, K., Kouzaki, M., Hirai, Y., Ogita, F., Miyachi,
M., and Yamamoto, K. 1996. Effects of moderate-intensity
endurance and high-intensity intermittent training on anaerobic
capacity and VO2max. Med. Sci. Sports Exerc. 28(10): 1327—
1330. doi:10.1097/00005768-199610000-00018. PMID:8897392.

Talanian, J.L., Galloway, S.D., Heigenhauser, G.J., Bonen, A., and
Spriet, L.L. 2007. Two weeks of high-intensity aerobic interval
training increases the capacity for fat oxidation during exercise in
women. J. Appl. Physiol. 102(4): 1439-1447. doi:10.1152/
japplphysiol.01098.2006. PMID:17170203.

Terada, S., Yokozeki, T., Kawanaka, K., Ogawa, K., Higuchi, M.,
Ezaki, O., and Tabata, 1. 2001. Effects of high-intensity swimming
training on GLUT-4 and glucose transport activity in rat skeletal
muscle. J. Appl. Physiol. 90(6): 2019-2024. PMID:11356760.

Terada, S., Tabata, 1., and Higuchi, M. 2004. Effect of high-intensity
intermittent swimming training on fatty acid oxidation enzyme
activity in rat skeletal muscle. Jpn. J. Physiol. 54(1): 47-52.
doi:10.2170/jjphysiol.54.47. PMID:15040848.

Terada, S., Kawanaka, K., Goto, M., Shimokawa, T., and Tabata, I.
2005. Effects of high-intensity intermittent swimming on PGC-1a
protein expression in rat skeletal muscle. Acta Physiol. Scand.
184(1): 59-65. doi:10.1111/j.1365-201X.2005.01423.x. PMID:
15847644.

Trost, S.G., Owen, N., Bauman, A.E., Sallis, J.F., and Brown, W.
2002. Correlates of adults’ participation in physical activity:
review and update. Med. Sci. Sports Exerc. 34(12): 1996-2001.
doi:10.1097/00005768-200212000-00020. PMID:12471307.

Warburton, D.E., Nicol, C.W., and Bredin, S.S. 2006. Health benefits
of physical activity: the evidence. CMAJ, 174(6): 801-809.
doi:10.1503/cmaj.051351. PMID:16534088.

Wright, D.C., Geiger, P.C., Han, D.H., Jones, T.E., and Holloszy, J.O.
2007. Calcium induces increases in peroxisome proliferator-
activated receptor y coactivator-la and mitochondrial biogenesis
by a pathway leading to p38 mitogen activated protein kinase
activation. J. Biol. Chem. 282(26): 18793-18799. doi:10.1074/jbc.
M611252200. PMID:17488713.

Published by NRC Research Press




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /RelativeColorimetric
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 99
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 225
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 225
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


