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ABSTRACT

Int | Exerc Sci 1(2) : 79-90, 2008. The principle of specificity would indicate that being aerobically
trained would not necessarily enhance performance in events relying principally on oxygen-
independent metabolic pathways (i.e. “anaerobic” exercise). Body fatness may be associated with
aerobic and anaerobic performance. VO2 Peak was determined with a graded cycle ergometry
and, in a separate session 4 consecutive Wingate power tests (3 min recovery) in 31 males.
Pearson correlations were calculated for VO2 Peak and Body Fat Percentage with Peak Power,
Mean Power, Minimum Power, Fatigue Index, Peak Heart Rate, and Recovery Heart Rate. No
significant correlations were found for VO2 Peak or Body Fat Percentage with Peak Power on any
bout (p>0.05). Significant correlations were found for VO2 Peak and Body Fat Percentage with
Mean Power, Minimum Power, and Fatigue Index. Significant correlations were found for VO2
Peak with delta values of power performance and heart rates (peak and 3 min recovery). Results
indicate that VO2 Peak is associated with repeated anaerobic performance, possibly due to
greater capacity to recover between bouts. Body Fat Percentage was correlated with measures of
power performance (strongest relationships existing in the earlier bouts), but is not strongly
correlated with either the heart rate response to power performance or the change in performance
over successive bouts.
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INTRODUCTION

The principle of specificity indicates that
aerobic training would not necessarily
enhance performance in events relying
principally on oxygen-independent
metabolic pathways (i.e. “anaerobic”
exercise). Duffield et al. (8) estimated the
aerobic energy system contribution during
a 400-meter sprint event (~60 seconds) to be
approximately 41% in males. Beneke et al.

(4) evaluated the aerobic contribution to the
Wingate anaerobic test and estimated the
fraction to be approximately 18.6%,
indicating that there is a significant
contribution of the oxidative systems even
in an event of this short duration (30 sec).
Evidence has been provided by Granier et
al. (14) that the aerobic energy contribution
to the Wingate test varies depending upon
the training state of the athlete (sprint vs
middle-distance runners). In addition, it has



been shown that aerobic metabolism can
provide a significant part (~49%) of the
energy utilized on a second bout of cycle
ergometer sprint exercise (6). Characteristic
of repeated bouts is that recovery from
exercise is mediated aerobically (21).
Therefore, even if aerobic fitness does not
significantly enhance a single bout of
exercise dominated by anaerobic energy
production, it is plausible that greater
oxidative capacity would benefit sprint
performance if there were repeated bouts
because of the aerobic nature of recovery.

Furthermore, the relative ATP contribution
from oxygen-dependent metabolic
pathways increases progressively in
sequential high-intensity work bouts (2, 12,
26). This further emphasizes the potential
importance of aerobic fitness in repeated
sprint work.

In addition, elevated H+ concentration due
to a high rate of lactate formation
contributes to fatigue in various ways (10,
11, 25, 30, 31): reduced force per cross-
bridge, inhibited sarcoplasmic reticulum
Ca++ release, and reduced force generation
at a given Cat++ concentration. Because
lactate contributes to fatigue in skeletal
muscle  independent of  associated
reductions in pH (16), the ability to
accelerate removal of lactate should
augment performance in successive bouts
of anaerobic exercise (1, 21). Lactate
removal is an oxygen-dependent process
and it is plausible that endurance-trained
individuals may have a greater ability to
remove lactate following intense exercise
(3). Therefore, lactic acid clearance is
another possible means by which oxidative
capability may enhance performance of
repeated sprint bouts. In other words, if a

more “aerobically” trained individual is
capable of faster lactate clearance, that
person may perform better on subsequent
bouts than a person that is less
“aerobically” fit.

There are several anthropometric measures
associated with athletic performance. Body
fatness is often utilized as an indicator of
disease risk (7), but also tends to be
associated with both aerobic (32, 33) and
anaerobic performance (34). Therefore,
body fatness may be associated with both
aerobic capacity and repeated anaerobic
performance.

The Wingate protocol has been the subject
of many studies, as well as a widely
accepted paradigm for the study of
variables related to anaerobic performance
(13, 17-20, 22, 24, 27-28). Related to the
current investigation, Riechman et al. (29)
found that peak power on a modified 30-
second Wingate test accounted for 75.7% of
the wvariation in 2000-meter rowing
performance, while 12.1% of the variance
was accounted for by maximal oxygen
uptake. In addition, Hoffman, et al. (15),
studying basketball players, found little
relationship between aerobic capacity
(treadmill VO2 max) and recovery from
high intensity exercise (Wingate power test
and a line drill). However, only one
Wingate bout was performed. In addition,
Bentley and McNaughton (5) provided
evidence that stage length during
incremental  (aerobic)  cycling  tests
influences peak power and therefore its
relationship to VO2 Peak. However, the
protocol in that study was not a Wingate
power test. The relationship of anaerobic
power and oxygen consumption has been
studied, but to the knowledge of the



authors, there has been no direct
investigation into the relationship of VO2
Peak and repeated performance of 30-
second Wingate bouts.

It was hypothesized that there is some
positive effect of possessing higher
maximal oxygen consumption during
repeated Wingate cycling even though it is
considered an “anaerobic” test. Because the
potential benefit of enhanced oxidative
capacity may only be realized when acute
recovery is an issue, the current study
employed several anaerobic  bouts
separated by 3 min recovery. In addition to
VO2, anthropometric qualities of the
performer may be associated with the
observed repeated Wingate performance.
Therefore, the purpose of this study was to
investigate the relationship of VO2 peak
and body fat percentage with performance
of four successive 30-sec bouts of intense
anaerobic exercise.

METHOD

Subjects

Thirty-one college-aged males volunteered
to participate in the study. Only male
subjects were recruited in order to insure
homogeneity of the population due to
expected large differences between male
and female VO2 Peak, body fatness, and
power output capabilities. Although the
choice of exclusively using males limits
applicability to other populations, quality
of the results is enhanced. Subjects were
recruited via word-of-mouth. Each subject
signed an informed consent and completed
a health history questionnaire prior to the
study, with only apparently healthy
individuals being permitted to participate.
The study was approved for use of human

subjects by the local Institutional Review
Board.

Methodology

Subjects participated in two laboratory
sessions (one session involved descriptive
data collection and a graded «cycle
ergometer test to determine VO2 Peak and
one session involved 4 Wingate trials).
Height was measured using a standard
stadiometer, followed by mass to the
nearest 0.11 kg on a standard balance scale
(Detecto-Medic, Detecto  Scales Inc.,
Brooklyn, NY). Body fat percentage was
measured with skinfold calipers (Lafayette
Instrument Company, Lafayette, IN) using
the three-site (chest, abdomen, thigh)
skinfold method (35).

In order to determine VO2 peak, subjects
were fitted with an appropriately sized air-
cushioned facemask and asked to pedal at
60 rpms on a cycle ergometer (Monark
Ergomedic 824E, Sweden) while metabolic
data were collected using a Vacu med Vista
mini cpx system interfaced with Turbofit
software (Vacu med, Ventura, CA, USA).
Heart rate was monitored using a Polar
heart rate monitor transmitter (Stamford,
CT, USA) positioned at the level of the
sternum. Subjects performed a 2 min warm
up at 0 watts. At the end of 2 min
resistance was increased 50 watts every 2
min until volitional exhaustion.

For Wingate trials subjects completed a
warm-up consisting of 4 min of cycling at
50 watts (50 rpms, 1.0 kp) on a Monark 824
cycle ergometer designed for immediate-
load resistance and equipped with toe clips
to prevent foot slippage. The resistance for
the Wingate testing was determined by
computer software (SMI Power 5.2, Sports



Medicine Industries), using 7.5% of body
mass. Even though 7.5% of body mass may
be too low for optimization of power in
some adults (18), it was used for this study
due to the intense physical challenge of
repeated Wingate bouts. The subjects
began pedaling as fast as possible with no
resistance. When maximum rev'min were
reached, the weight basket was dropped.
Subjects were verbally encouraged to
provide maximal effort throughout each 30-
second test. The first Wingate trial (W1)
was followed by three identical Wingate
tests (W2 ,W3, W4), as described above,
with three minutes recovery between each
trial.

During the Wingate bouts, data for Peak

Power, Mean Power, Minimum Power, and
Fatigue Index were collected at 1-second
intervals via an optical sensor (OptoSensor,
Sports Medicine Industries) interfaced with
computer software (SMI Power 5.2, Sports
Medicine Industries). The highest heart rate
attained during or immediately after the
conclusion of each individual Wingate bout
was recorded as Peak Heart Rate. Recovery
Heart Rate was recorded at the end of each
3 min recovery period. The recovery period
consisted of passive seated rest on the cycle
ergometer, as evidence has been provided
that passive (vs active) recovery restores
perfromance capability more effectively in
situations of repeated bouts with short
recovery intervals (9).

Table 1. Correlations of Body Fat Percentage and VO, Peak with power performance indicators.

Mean + SD
Bout 1
Peak Watts/ kg 109+22
Mean Watts/kg 7.6+1.5
Min Watts/kg 53+1.3
Fatigue Index 50.0+11.4
Bout 2
Peak Watts/ kg 104 +21
Mean Watts/kg 6.4+14
Min Watts/kg 41+14
Fatigue Index 59.4+12.1
Bout 3
Peak Watts/ kg 9.4+22
Mean Watts/kg 55+1.4
Min Watts/kg 3.5+1.3
Fatigue Index 61.0+13.9
Bout 4
Peak Watts/ kg 85+24
Mean Watts/kg 5.0+ 1.5
Min Watts/kg 3.3+1.3
Fatigue Index 60.3 +13.0

Body Fat Percentage VO, Peak
11.7+6.1 46.6 +9.3
r P r P

-0.242 0.198 -0.200 0.282
-0.540* 0.002 0.104 0.578
-0.610* 0.000 0.254 0.168
0481* 0.007 -0.430* 0.016
-0.311 0.100 -0.028 0.884
-0.657* 0.000 0.483* 0.007
-0.590* 0.001 0.603* 0.000
0.422* 0.022 -0.675* 0.000
-0.216 0.278 0.016 0.934
-0.543* 0.003 0.527* 0.004
-0.517* 0.007 0.595* 0.001
0.404* 0.041 -0.489* 0.010
-0.296 0.143 0.185 0.366
-0.485* 0.012 0.573* 0.002
-0.354 0.076 0.611* 0.001
0.153 0.455 -0.525* 0.006

*Significant Pearson Product Moment correlation (p<0.05).



Statistical Analysis

Data were analyzed wusing SPSS 10.0.
Pearson Product Moment correlations were
calculated for VO2 Peak, Body Fat
Percentage, Heart rate, Peak Power, Mean
Power, Minimum Power, and Fatigue index
((Peak  Power-Minimum  Power)/Peak
Power*100) for each bout. In some
instances, fatigue index provides limited
insight because it is only indicative of a
single trial. In other words, there may be an
advantage in each individual trial, but not
necessarily an advantage in fatigue index in
successive bouts. Therefore, delta values
for peak, mean, and minimum power
[(Power 1 - Power 2)/Power 1 * 100;
(Power 1 - Power 3)/Power 1 * 100; and
(Power 1 - Power 4)/Power 1 * 100] were
analyzed to compare power variables in
each bout to those in the first bout. This
procedure permits repeated trials to be
compared  using the initial trial
performance as a criterion standard (22, 23).
Results were considered significant at
p<0.05.

RESULTS

The subjects were found to have an average
age of 22.7+2.9 years and average VO2 of
46.6+9.3 ml/kg/min (range = 40.5). The
subjects had a mean height of 177.9+7.3 cm,
with an average mass of 80.4+16.0 kg and a
mean body fat percent of 11.746.1 (range =
21.4).

Table 1 displays correlations of VO2 Peak
and Body Fat Percentage with power
performance indicators including peak
watts/kg, mean watts/kg, minimum
watts/kg and fatigue index. Representative
data are displayed graphically in Figures 1
through 4. A significant correlation was

found between VO2 Peak and Body Fat
Percentage (r = -0.534; p = 0.002). No
significant correlations were found for VO2
Peak or Body Fat Percentage with Peak
Power on any Wingate bout (p>0.05).

Table 2 displays correlations of VO2 Peak
and Body Fat Percentage with delta values
of power performance indicators. No
significant correlations were found for
Body Fat Percentage with delta values of
power performance indicators on any
Wingate bout (p>.005).

Table 2. Correlations of Body Fat Percentage and
VO, Peak with power performance indicator delta
values.

Body Fat Percentage VO; Peak
r P r P

Peak Power

Delta 1vs2 0.124 0.522 -0.285 0.127

Deltalvs3 -0.231 0.247 -0.150 0.447

Delta 1vs4 0.213 0.308 -0.414* 0.036
Mean Power

Delta 1vs2 0.132 0.494 -0.547* 0.002

Deltalvs3 -0.142 0.481 -0.370 0.053

Delta 1vs4 0.172 0.410 -0.453* 0.020

Minimum Power

Delta 1vs2 0.124 0.522 -0.456* 0.011

Deltalvs3 0.127 0.537 -0.391* 0.044

Delta 1vs4 0.062 0.762 -0.370 0.058

*Significant Pearson Product Moment correlation
(p<0.05).

Table 3 displays correlations of VO2 Peak
and Body Fat Percentage with Peak and
Recovery Heart rates for all four bouts.
Representative data s displayed
graphically in Figure 5. Significant
correlations were found for VO2 Peak and
Recovery Heart Rate (p<0.05). No
significant correlations were found for
Body Fat Percentage and Heart Rate on any
Wingate bout (p>0.05).
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Table 3. Correlations of Body Fat Percentage and
VO, Peak with peak and recovery heart rates.

Body Fat Percentage VO, Peak
r P r P
Bout 1
Peak HR 0.208 0.271 -0.596* 0.000
Recovery HR 0.233 0.215 -0.501* 0.004
Bout 2
Peak HR 0.052 0.785 -0.421* 0.021
Recovery HR 0.180 0.360 -0.383* 0.040
Bout 3
Peak HR 0.260 0.190 -0.521* 0.004
Recovery HR 0.199 0.340 -0.567% 0.003
Bout 4
Peak HR 0.199 0.329 -0.431* 0.025
Recovery HR 0.211 0.300 -0.502% 0.008

*Significant Pearson Product Moment correlation
(p<0.05).

DISCUSSION

The purpose of this study was to
investigate the relationship of VO2 Peak
and body fatness with performance on
successive 30sec bouts of intense anaerobic
exercise. The results indicate that both VO2
Peak and body fatness are significantly
correlated with anaerobic performance, but
remain independent correlates of various
aspects of repeated Wingate performance.
However, the strongest relationships of
VO2 Peak and body fatness with measures
of power performance occur at different
points and are associated with different
physiological indicators.

As consistent with previous studies, body
fat percentage was significantly negatively
correlated with VO2 Peak (r=-0.534;
p=0.002). An individual with a greater
aerobic capacity most likely engages in
enough physical activity to alter their body
composition in a favorable manner.
Engaging in exercise of a more anaerobic
nature  probably  induces  positive

adaptations in a  person’s  body
composition. Therefore, it may also be
expected that body fat percentage would be
correlated  significantly ~ with  power
performance variables in general (simply
due to greater physical fitness). However,
the less obvious aspect of the findings is
that the correlations do not necessarily hold
true for Peak Power, power performance
delta values (Table 2), or heart rate
response to repeated bouts (Table 3).

Body fat percentage and Peak Power
output per kilogram were not significantly
correlated on any bout. In addition, body
fat percentage displayed no significant
correlation with the change in power
performance over successive bouts (Table
2). These are interesting in light of the
finding that body fat percentage was
significantly correlated with Mean Power,
Minimum Power, and Fatigue Index in
power on every bout. It is also interesting
that the correlation of body fat percentage
with power performance variables becomes
weaker during successive bouts, even as
VO?2 Peak is becoming a stronger correlate
with power performance. Pertaining to this
notion it is interesting to observe the
correlations (r values) and the significance
of those correlations (p values) for VO2
Peak and body fatness from one bout to the
next (Table 1). These data could indicate
that possession of more relative lean muscle
tissue is an advantage on any given bout of
exercise, be it “aerobic” or “anaerobic”.
However, repeated bouts of exercise
require a greater aerobic fitness component
with each successive bout (6, 29). Therefore
with each subsequent bout, the advantage
to being “lean” in general is slowly
overtaken in importance by the advantage



of being lean due to a specific type of
fitness (in this case, aerobic fitness).

Previous studies have concluded the
aerobic metabolic pathways contribute an
increasingly lager portion of ATP when
high intensity bouts are repeated in
succession (2, 12, 26). In this study,
significant correlations were found for VO2
Peak and measures of anaerobic
performance on successive bouts (Table 1),
performance delta values (Table 2), and
heart rate response (Table 3). These data are
consistent with the previous finding that
aerobic mechanisms contribute significant
amounts of energy after the first bout (6);
and therefore an enhanced oxidative
capacity would be an advantage during
repeated sprint activities. In addition, if
endurance trained individuals are capable
of faster lactate clearance (3); there should
be some advantage because of an
attenuated decrement in force in successive
bouts. Though lactate was not measured
during this investigation, it is safe to
speculate that blood lactate can reach
extremely high levels during exercise of this
nature. Research has indicated that elevated
H+ concentration due to a high rate of
lactate formation contributes to fatigue in
various ways (10-11, 25, 30-31), all of which
lead to impaired force production.
Therefore, it stands to reason that greater
lactate clearance capability (which can only
occur via oxidative means) should enhance
performance on repeated bouts of
anaerobic exercise.

As was expected, higher VO2 Peak was not
significantly correlated with higher Peak
Power output. In line with the principle of
specificity, adaptations gained as a result of
aerobic exercise (e.g. changes in muscle

fiber characteristics) are not necessarily
positive adaptations in terms of maximal
power production. This finding also helps
to explain the lack of correlation between
body fat percentage and Peak Power. The
subjects recruited for this study were not
necessarily “aerobically” or “anaerobically”
trained. Therefore, a subject in our study
did not necessarily possess lower body
fatness due to anaerobic training. It follows
that there is no reason to expect higher
Peak Power production (or greater
performance from bout to bout) simply
because the subject has lower body fatness.
However, it is a safe assumption that those
subjects in our sample with higher VO2
Peaks (e.g. in the 50-60 ml/kg/min range)
probably were engaging regularly in
aerobic exercise. Therefore, subjects on the
higher end (aerobically) likely have the
adaptations that would be advantageous in
terms of performing repetitive bouts.
Significant correlations of VO2 Peak with
both Fatigue Index and Minimum Power
provide evidence of this assumption. We
would not expect a high VO2 Peak to
translate into high Peak Power output, but
having a greater Minimum Power and
Lower Fatigue Index is indicative of a
person capable of maintaining a given
power output over the course of the bout
(or several bouts).

The above data also lend strength to the
finding that body fat percentage was not
significantly correlated with heart rate
response, while VO2 Peak was significantly
correlated with heart rate on every bout
(Table 3). In other words, the higher the
VO2 Peak the more likely that a subject
engages in regular aerobic exercise and
therefore possesses cardiovascular and
body composition adaptations to that



exercise. These adaptations then transfer
into greater performance during repeated
bouts of high-intensity exercise, with
aerobic adaptations being more important
with each successive bout. However, if a
subject possesses lower body fatness it does
not necessarily mean that the subject is a
regular “aerobic” exerciser. Possibly
explaining the reason for correlations for
body fatness and power performance
variables tend to be highest in the earlier
bouts.

In summary, results indicate that VO2 Peak
is associated with anaerobic performance
(with the strongest correlations occurring in
later bouts), possibly due to greater
capacity to recover between high intensity
bouts and an increasing reliance on aerobic
metabolism with each repeated bout. Body
fat percentage is also correlated with power
performance, with the strongest
correlations existing in the earlier bouts.
Body fat percentage is not strongly
correlated with either the heart rate
response to power performance or the
change in power performance across
successive bouts. Future studies should
incorporate lactate and simultaneous
metabolic analysis during the Wingate
bouts and recovery periods. In addition, it
would useful to repeat the current study
with the use of subjects that are known to
be “aerobically trained” and “anaerobically
trained”.
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