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Demarle, Alexandre P., Jean J. Slawinski, Laurent
P. Laffite, Valery G. Bocquet, Jean P. Koralsztein, and
Veronique L. Billat. Decrease of O, deficit is a potential
factor in increased time to exhaustion after specific endur-
ance training. J Appl Physiol 90: 947-953, 2001.—The main
purpose of this study was to investigate the effects of an 8-wk
severe interval training program on the parameters of oxy-
gen uptake kinetics, such as the oxygen deficit and the slow
component, and their potential consequences on the time
until exhaustion in a severe run performed at the same
absolute velocity before and after training. Six endurance-
trained runners performed, on a 400-m synthetic track, an
incremental test and an all-out test, at 93% of the velocity at
maximal oxygen consumption, to assess the time until ex-
haustion. These tests were carried out before and after 8 wk
of a severe interval training program, which was composed of
two sessions of interval training at 93% of the velocity at
maximal oxygen consumption and three recovery sessions of
continuous training at 60—70% of the velocity at maximal
oxygen consumption per week. Neither the oxygen deficit nor
the slow component were correlated with the time until
exhaustion (r = —0.300,P =0.24,n = 18vs.r = —0.420, P =
0.09, n = 18, respectively). After training, the oxygen deficit
significantly decreased (P = 0.02), and the slow component
did not change (P = 0.44). Only three subjects greatly im-
proved their time until exhaustion (by 10, 24, and 101%). The
changes of oxygen deficit were significantly correlated with
the changes of time until exhaustion (r = —0.911, P = 0.01,
n = 6). It was concluded that the decrease of oxygen deficit
was a potential factor for the increase of time until exhaus-
tion in a severe run performed after a specific endurance-
training program.

running; oxygen uptake kinetics; fatigue; interval training

OXYGEN UPTAKE (V0,) response to a submaximal con-
stant-load exercise is dependent on exercise intensity,
which can be divided into several domains (19, 28, 36).
When a supralactate threshold constant-load exercise
is performed, four phases of Vo, kinetics can be iden-
tified (2, 19, 28, 36): phase 1, called the early compo-
nent, is mainly attributed to the increase of pulmonary
blood flow and is usually completed 15-20 s after the
onset of exercise; phase 2, called the fast component,
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corresponds to the decrease of venous content in oxy-
gen and the further increase of pulmonary blood flow;
phase 3, called the slow component, for which the
origins are unclear, is superimposed 80—-200 s after the
onset of exercise on the fast component and elevates
the oxygen consumption above, rather than toward,
that predicted from the sublactate threshold Vo,-work
rate relationship (3, 19, 28); phase 4, called the steady
state of oxygen consumption (Vo,), is delayed from 3
to 6 min on account of the slow-component phenome-
non (34). .

It is commonly reported that the parameters of Vo,
kinetics may be modified after a short-term endurance
training program (11, 18, 20, 21, 35, 37). When the
same absolute work rate is taken into account before
and after training, the time constant of the Vo, re-
sponse (1), defined as the time required to attain 63% of
the Voo, may be diminished (20, 21, 37). It may,
therefore, result in a smaller oxygen deficit, which is
equal to T X Vo, (32), reflecting a lesser anaerobic
contribution at the onset of exercise (20). Such adap-
tation to training is thought to be important. For ex-
ample, Poole and Richardson (28) have suggested that
the decrease of oxygen deficit may be conducive to the
increase of time until exhaustion, especially in a su-
pralactate threshold constant-load exercise. Further-
more, for the same absolute work rate, the slow com-
ponent is generally reduced after 6-8 wk of an
endurance-training program (11, 18, 35). Such adapta-
tion to training may also be important. Indeed, Poole et
al. (27) have suggested that the only way to improve
the work tolerance in patients who perform a supra-
lactate threshold constant-load exercise is to lower the
Vo, by decreasing the excess Vo, associated with the
slow component. Nevertheless, the efficacy of such a
strategy to improve the work tolerance in patients or
sedentary or endurance-trained subjects remains to be
firmly established.

Therefore, the special purpose of this study was to
investigate the effects of an 8-wk severe interval train-
ing program on the parameters of Vo, kinetics, such as
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the oxygen deficit and the slow component, and their
potential consequences on the time until exhaustion in
a severe run performed at the same absolute velocity
before and after training. It was hypothesized that 1)
the oxygen deficit and the slow component could be
reduced after a specific endurance training program,
and 2) these adaptations could be, in part, responsible
for the improvement of time until exhaustion at a given
supralactate threshold velocity.

METHODS

Subjects. Six endurance-trained subjects volunteered to
participate in this study. These subjects were specialized in
middle- and long-distance running. Their mean (+SE) age,
height, and weight were, respectively, 27.0 = 2.1 yr, 174.2 =
1.2 cm, and 68.5 + 2.2 kg. Before participation, all subjects
were informed of the risks and stress associated with the
training program and gave written voluntary informed con-
sent in accordance with the guidelines of the University of
Lille II.

Experimental design. Before and after training, the sub-
jects performed 1) an incremental test to determine the
maximal oxygen uptake (VO, ..., inc), the velocity associated
with the achievement of VO, 1.« ine (0VO0g ax ine)», the velocity
at the lactate threshold (vLT), the median velocity between
vLT and vVO0y 0k ine (WAB0) and the running economy (RE);
and 2) an all-out test (at pretraining vA50) to determine the
time until exhaustion (T, ,.). After training, the subjects also
completed an additional all-out test (at the posttraining
vA50). The tests were performed by a given subject at the
same time of day in a climate-controlled environment. All
training and test sessions were completed on a 400-m covered
synthetic track. Throughout the tests, the subjects adopted
the required velocity, thanks to an audiovisual system. This
system included guide marks set at 25-m intervals along the
track (inside the first lane), and audio signals determining
the speed needed to cover 25-m intervals. The velocity of
locomotion was strictly controlled throughout the tests with
photoelectric cells (Brower Timing Systems, Salt Lake City,
um).

Procedures. Throughout the tests, the respiratory and pul-
monary gas-exchange variables were measured using a
breath-by-breath portable gas analyzer (Cosmed K4b?Z
Rome, Italy), which was calibrated before each test according
to the manufacturer’s instructions (21, 23). Breath-by-breath
data were later reduced to 30-s stationary averages (Data
Management Software, Cosmed). Fingertip capillary blood
samples were collected into a capillary tube and were ana-
lyzed for lactate concentration using a Doctor Lange (Berlin,
Germany). This lactate analyzer was calibrated before the
tests with several solutions of known lactate concentrations.

The subjects first performed an incremental test (3-min
stages) to determine VO, .« ines VVO09 max ines VLT, vA50, and
RE. The initial velocity was set at the average velocity main-
tained over 3,000 m, which has been described as being close
t0 VVO03 max ine (4), —6 km/h, for exhaustion to occur for each
subject within 20 min. The velocity increments between the
stages were set at 1 km/h. All stages were followed by a 30-s
period of rest. During this period, a fingertip capillary blood
sample was collected. In addition, other fingertip capillary
blood samples were collected before the test and immediately
and 3 min after the test. Each subject was encouraged to give
a maximum effort. Vo, ..., in. Was defined as the highest 30-s
Vo, value reached in this incremental test. vV0, . .« inc Was
defined as the minimal velocity at which Vo, ...« ine Occurred
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(7). When vV0, .y in. Was maintained for one-half rather
than for all of the last stage, it was then considered as the
median velocity maintained during the last two stages (25).
vLT was defined as the velocity for which an increase in
lactate concentration corresponding to 1 mmol/l occurs be-
tween 3.5 and 5 mmol/l (1). vLT was determined by two
independent reviewers. The vA50 was defined as the median
velocity between vV0, 0y ine and vLT. The vA50 has been
described as being a velocity for which the slow component of
Vo, may lead the Vo, to its maximum (VO2 max inc) (10, 15).
The running economy was defined as the rate of Vo, for a
given submaximal work rate (12). In this study, the rate of
Vo, was averaged between the 2nd and the 3rd min of the
stage run at 13 km/h (<vLT) and was taken as reference for
the running economy.

The subjects subsequently performed an all-out test (at the
pre- or posttraining vA50) to determine the time until ex-
haustion. After a 15-min period of warm-up at 60% vVOs 1, ax inc
followed by a 5-min period of rest, the subjects were in-
structed to run at the required velocity within a 5-s period of
transition until they were unable to sustain the fixed veloc-
ity. Each subject was encouraged to give maximum effort. A
fingertip capillary blood sample was collected before the test
and immediately and 3 min after the test.

Training program. Before participation, the subjects were
already well trained in endurance. They generally performed
a continuous training, 3—5 times/wk, consisting of 45—60 min
at an exercise intensity (60—70% vVOy 0% ine) Pelow the
lactate threshold. The subjects completed an 8-wk severe
interval training program including two sessions of interval
training and three sessions of continuous training per week.
The training program was elaborated, according to recent
studies (6, 15, 31), by taking into account an individualized
exercise intensity (vA50) and an individualized exercise du-
ration (25—50% of the time until exhaustion at vA50) for each
runner. The sessions of interval training consisted of (n,,,,, —
2) or (n,.x — 1) repetitions, including a severe run at
vA50, during 50% T.,,, at vA50, and a recovery run at 50%
UVO0y 1max ines Auring 25% T, . at vA50. The value of n,,,, was
defined as the individual number of repetitions achieved by a
given subject when the exhaustion occurs. The n,,, . was
recorded during the first and the eighth sessions of interval
training; thus, if the training intensity remained unchanged,
the training volume was adjusted to the progress achieved by
the subjects and consequently could be increased through the
8 wk of training. For example, a subject who was able to
perform four repetitions during the first session of interval
training would be able then to perform five or six repetitions
during the eighth session of interval training. The sessions of
continuous training were run at 60-70% vVO0s .y ine fOT
45-60 min. All sessions were controlled by a professional
trainer to ensure that these instructions were respected.

Vo, kinetics. The breath-by-breath Vo, data were reduced
to 5-s stationary averages. These data were then smoothed,
using a three-step average filter, to reduce the noise so as to
enhance the underlying characteristics (Data Management
Software, Cosmed). These data were finally fitted to three
distinct models (3, 32, 33) by use of an iterative nonlinear
regression on Sigma Plot software (SPSS, Chicago, IL): a
single-exponential model comprising a delayed linear compo-
nent (Eq. I) and two double-exponential models, the first
comprising two exponential terms that start at a common
time delay from the onset of exercise (Eq. 2) and the second
comprising two exponential terms that start at two distinct
time delays from the onset of exercise (Eq. 3). The Fisher test,
which was performed with the Sigma Plot software, was used
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Fig. 1. A: fitting of oxygen uptake response in 1 subject before
training. B: residuals corresponding to the fitting of oxygen uptake
response illustrated in A.

to choose the model whose fit was associated with the highest
F value

Vou(t) = Ag + Ay X {1 — e[~ (t — TD,)/7,]}

Xuqy+ [p X (t—TDy)] X u,
where u; = 0 when t < TD,, u; = 1 when ¢t = TD,, uy, = 0
when ¢t < TD,, u, = 1 when ¢ = TD,, A, is the baseline value
(ml/min), A is the asymptotic amplitude for the exponential
term (ml/min), 7, is the time constant(s), TD; is the time

delay from the onset of exercise(s), p is the slope of the linear
term, and TD, is the time delay from the onset of exercise(s).

Vou(t) =A, + A, X {1 —e[—(¢ — TD,)/t,]}
Xu,+AyX {1l —e[—(t—TDy/1s]} X u,

(1)

2

where A, is the asymptotic amplitude for the exponential
terms (ml/min), 7, is the time constant.

VOQ(t) = AO + Al X {1 - e[f(t - TDI)/TI]}
Xuy+ Ay X {1 —e[—(t — TDy)/15]} X uy

Oxygen deficit. When an exercise is performed at work
rates associated with the heavy and severe exercise intensity
domains, two components of Vo, generally appear after two
distinct time delays (TD; for the fast component, TD,, for the
slow component). The slow component is superimposed, 80—
200 s after the onset of exercise, on the fast component and
elevates the oxygen consumption above, rather than toward,
that predicted from the sublactate threshold Vo,-work rate
relationship (3, 19, 28). As suggested by Whipp and Ozyener
(32), the slow component may represent an “excess oxygen
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uptake,” whereas the fast component may represent an “ex-
pected oxygen uptake.” Thus it may be considered that only
the area between the fast component response curve and the
fast component asymptote corresponds to the oxygen deficit

Doy = (A; X TDy) + (A; X 19) (4)

where Do, is the oxygen deficit (ml), A, is the (fast compo-
nent) asymptotic amplitude (ml/s), 7, is the (fast component)
time constant(s), and TD, is the (fast component) time delay
from the onset of exercise(s).

Oxygen consumed. The aerobic component of the total
energy requirement for the all-out tests was computed by
integrating the area under the curve Vo,-time until exhaus-
tion (32). For example, considering a double-exponential
model (Eq. 3)

Tmax
Vo, = J Ay X {1 —e[—(t — TDy)/7,]}d¢

TD;

. (5)
+ f A, X {1 — e[—(t — TDy)/r,]idt

TDy

i.e., total oxygen consumed = expected oxygen consumed +
excess oxygen consumed, where Vo, is the oxygen consumed
(ml), and T, is the time(s) until exhaustion.

Time to attain and time sustained at Vo, ,,... When an
exercise is performed at work rates associated with the se-
vere exercise intensity domain, the slow component may lead
to the attainment of VO, 1ax ine (19, 28). According to T. J.
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Fig. 2. A:fitting of oxygen uptake response in 1 subject after training
at the same absolute velocity. B: residuals corresponding to the
fitting of oxygen uptake response illustrated in A.
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Table 1. Training effects on the indexes
of aerobic fitness

Before After P
Indexes Training Training Values
Body mass, kg 68.5+2.2 68.5+2.2 NS
VOsmax ine Ml min~ kg™ ! 61.2+27 61.6+2.2 NS
Ogmax ine» MI/Min 4,177+151 4,207x121 NS
UVO0u,ax iney KM/D 18.2+0.3 18704 =0.01
vLT, km/h 15704 16.1+0.4 NS
vA50, km/h 17004 17404 =0.01
RE at 13 km/h, ml-min~t-kg™?! 44.2+1.5 42.6+1.2 0.02

Values are means * SE; n = 6. NS, not significant; VOg,0y ines
incremental test of maximal oxygen uptake (VOgu.); VVOomax ines
velocity at VO,,.y ine; VLT, velocity at lactate threshold; vA50, me-
dian velocity between vLT and vVOy,,.x ine; RE, running economy.

Barstow (personal communication), it was considered that a
given subject was able to attain Vo, ., when the sum of A,
A,, and A, was =98% 0of VO, 1, ax ine, @dmitting an error of 2%
in the determination of VO, ..y ine- Then, when a double-
exponential model (Eq. 3) is considered

TD VOZmax inc = TDZ — T2

_ (6)
X In {1 = [(0.98 X VO inc

— Ay~ AD/A,]}

where V02 max ine is ml/min, TD VO, ... in. is the time to
attain VO, ,0x ine I (8), T is the (slow component) time
constant(s), and TD, is the (slow component) time delay from
the onset of exercise(s) and

(Tmax - TD VOZmax inc) (7)

where T..,... VOs 1 inc i the time sustained at VO, .y ine (S),
and T, ., is the time(s) until exhaustion.

Test-to-test reproducibility of Vo, kinetics parameters. To
determine the confidence intervals over which the parame-
ters of Vo, kinetics were accurate, a voluntary subject com-
pleted 1) three 6-min tests at vL'T and 2) three 6-min tests at
vA50. The Vo, data were fitted to two distinct models: 1) a
single-exponential model (derived from Eq. 1) and 2) a dou-
ble-exponential model (Eq. 3).

Statistics. One-way analysis of variance with repeated
measures and paired ¢-test were used for data analysis.
Simple and multiple correlations were used for correlation
analysis. The level of significance was set at 5% (P = 0.05).
All results are presented as means = SE.

TmaxVOZmax inc =

RESULTS

Test-to-test reproducibility of Vo, kinetics parame-
ters. The mean values (= SD) of A,, TD,, 74, A; and
Do,, obtained in the tests at vL.T (16 km/h), were equal
to 530 * 16 ml/min, 7.3 + 0.5 s,27.1 = 1.5 s, 3,125 *
24 ml/min, and 1,791 * 67 ml, and the coefficients of
variation were equal to 3.0, 6.8, 5.5, 0.8, and 3.8%. The
mean values (= SD) of A, TD, 71, A1, TDy, 79, Ay, and
Do, obtained in the tests at vA50 (17 km/h) were equal
to 567 = 20 ml/min, 8.9 = 04 s, 19.8 = 0.9 s, 3,351 =
45 ml/min, 84.3 = 4.1s,83.7 = 7.1 s, 357 = 34 ml/min,
and 1,606 = 26 ml, and the coefficients of variation
were equal to 3.6, 4.5, 4.6, 1.3, 4.8, 8.4, 9.7, and 1.6%.

Fitting of Vo, responses. The Vo, responses were
fitted to a double-exponential model (Eq. 3), which
provided the best fits among the three models used
(Figs. 1 and 2).

DECREASE OF O, DEFICIT AND TIME TO EXHAUSTION

Relationships between the parameters of Vo, kinetics
and the time until exhaustion. Neither the oxygen
deficit nor A, were correlated with the time until ex-
haustion ( = —0.300, P = 0.24, n = 18; r = —0.420,
P = 0.09, n = 18, respectively).

Training program parameters. The sessions of inter-
val training consisted of several repetitions, including
a severe run at 17.0 = 0.4 km/h for 294 = 20 s and a
recovery run at 9.1 * 0.1 km/h for 147 + 10 s. If the
training intensity did not change throughout the train-
ing period, the training volume was significantly in-
creased from 3.1 = 0.3 to 4.3 = 0.3 repetitions (P =
0.01) on account of the progress achieved by the sub-
jects. The sessions of continuous training were run at
11.8 += 0.2 km/h for 45—60 min.

Training effects on the indexes of aerobic fitness.
Eight weeks of severe interval training program signif-
icantly improved I) vVOg .¢ inc Without change of
Vo, ... inc, on account of the significant decrease of RE
and 2) vA50 (Table 1).

Training effects on the time until exhaustion. When
the same absolute velocity was taken into account
before and after training, only three subjects greatly
improved their time until exhaustion (by 65, 159, and
449 s, or 10, 24, and 101%, respectively) (Fig. 3).

Training effects on the parameters of Vo, kinetics.
When the same absolute velocity was taken into ac-
count before and after training, the oxygen deficit was
significantly decreased on account of the significant
decrease of 7,. A, did not change. Before training, three
subjects were able to attain their Vog .« in.- However,
after training, for the same absolute velocity, only one
subject among these three subjects was able to attain
VO2 max inc (Table 2) .

Relationships between the changes of Vo, kinetics
parameters and the changes of time until exhaustion.
The changes of oxygen deficit were significantly corre-
lated with the changes of time until exhaustion (r =
—0.911, P = 0.01, n = 6; Fig. 3). Furthermore, the two
subjects who, contrary to before training, were not able
to attain their Vo, .« inc after training improved their
time until exhaustion.

A Time until exhaustion, s

-200 -
-400 A
-600 -
-800 -

-1000 -

-1200 -

-1400

-1600 -

-1800 -

-2000 -

2200 -

A Oxygen deficit, ml

Fig. 3. Correlation between the training-induced changes (A) of
oxygen deficit and those of time until exhaustion (r = —0.911, P =
0.01,n = 6).
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Table 2. Training effects on the time until exhaustion and the parameters of Vo, kinetics
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After Training,

After Training,

Parameters Before Training Same Absolute Velocity Same Relative Velocity P Values
Velocity, km/h 17.0+04 17.0+04 17.4+0.4% 0.01
Time to exhaustion, s 588 +41 690 =60 505 + 25% 0.03
A,, ml/min 699 + 87 710 =88 703179 NS
TD,, s 17.2+1.2 17.1+0.3 18.3+1.5 NS
T4, S 259+1.2 14.2 +1.2% 13.8+1.7*% =0.01
A;, ml/min 3,112 =205 2,832+ 38 2,851+112 NS
TD,, s 149.8 +25.2 131.4+13.2 103.0+15.1 NS
To, S 31.8+7.3 33.2+13.0 61.4+18.2 NS
A,, ml/min 334+63 275+ 178 461 +107 NS
[A/(A; +AY)], % 90.1+2.1 91.4+2.3 86.4+2.9 NS
[Aj/(A; +AL)], % 99+2.1 8.6+2.3 13.6+2.9 NS
(Ag+A;+A,), m/min 4,146 += 258 3,818+ 71 4,015+199 NS
Doy, ml 2,269 + 264 1,486 = 70* 1,524 +62* =0.01
Expected Vo,?, ml 27,761+ 1999 31,208 = 3147 22,454+ 1361 0.04
Excess Vo,°, ml 2,257 =550 2,261+ 664 2,607 =591 NS
Total Vo,°, ml 30,019 = 2057 33,470 3145 25,061 = 1349 =0.05
Time to VOgax ine S 151 =287 184 +00% 132 +36§

Time at V0o, 0x ines S 400 = 387 391+ 00% 411+658
Blood lactate, mmol/l 11.1+0.7 12.0=0.9 12.1+1.3 NS

Values are means = SE;n = 6;7n = 3;in = 1;§n = 2. A,, baseline value; A, and A,, asymptotic amplitudes for the exponential terms;
7, and T1,, time constants; TD; and TD,, time delays from the onset of exercise; Do,, oxygen deficit. * Oxygen consumed computed from the
area under the fast component; ® Oxygen consumed computed from the area under the slow component; ¢ Oxygen consumed computed from

the areas under the two components. *P = 0.05 when compared with before training.

DISCUSSION

The main findings of this study are as follows. 1)
Neither the oxygen deficit nor the slow component (A,)
are related to the time until exhaustion in a severe run.
2) Significant adaptations and performance improve-
ments, which are not represented by the Vo, .., can
occur in well-trained subjects after a specific endur-
ance training program. When the same absolute veloc-
ity is taken into account before and after training, the
oxygen deficit decreases after 8 wk of a severe interval
training program. The slow component (A,) remains,
however, unchanged. Three subjects, in a population
comprising six subjects, improved their time until ex-
haustion. 3) The decrease of oxygen deficit is related to
the increase of time until exhaustion in a severe run
performed after a specific endurance training program.

Previous studies have shown a positive relationship
between the accumulated oxygen deficit and the time
to fatigue at the velocity at Vo, .y, thus demonstrat-
ing that the anaerobic contribution is not negligible in
such exercise (17, 30). Nevertheless, no study, to our
knowledge, has investigated the relationship between
the oxygen deficit and the time to fatigue at submaxi-
mal work rates. Although the determination of oxygen
deficit at supralactate threshold work rates remains a
subject for discussion on account of the slow-compo-
nent phenomenon (32), our study shows that the oxy-
gen deficit is not related to the time until exhaustion in
a severe run, thus disproving the hypothesis that a low
oxygen deficit may be associated with a great work
tolerance.

Using the same absolute work rate before and after
training, early studies have shown that Vo, increases
more rapidly toward its steady state in the trained
state compared with the untrained state, with a half-

time that can be reduced by 18-25% (20, 21). Recent
studies have also shown that the time constant, de-
fined as the time required to attain 63% of the Vo,
can be reduced by 27-57% (26, 37). Correspondingly, in
our study, the time constant (7,) is reduced by 46%.
Hagberg et al. (20) have shown that the heart rate, like
the Vo,, increases more rapidly toward its steady state
in the trained state compared with the untrained state,
with a half-time that can be reduced by 50-58%. Ac-
cordingly, Yoshida et al. (37) have recently shown that
the heart rate time constant can be reduced by 49%.
Because the heart rate response is speeded and, hypo-
thetically, the stroke volume is increased (16), it is
speculated that oxygen delivery to the active muscles
can be improved at the onset of exercise (20, 26, 37).
The early attenuation of phosphocreatine depletion
and blood lactate accumulation that can be seen after
training may provide an alternative argument, demon-
strating thus that oxygen utilization by the active
muscles can also be improved at the onset of exercise
(13, 14, 26, 37). Nevertheless, the decrease of A; may
also provide a valid argument for the decrease of 7, (3).

Using the same absolute work rate before and after
training, Hagberg et al. (20) have shown that the
decrease of half-time of Vo, response by 25%, without
change of Vo, ., leads to the decrease of oxygen deficit
by 21%. Correspondingly, in our study, the oxygen
deficit is reduced by 34% on account of the decreases of
both 7, and A,. Karlsson et al. (24) have shown that the
decrease of muscle high-energy phosphate (phospho-
creatine and ATP) concentrations is less marked after
an endurance training program. Furthermore, blood
lactate accumulation, which is an indicator of anaero-
bic glycolysis functioning, is reduced at the same abso-
lute work rate. It may, therefore, lower the intracellu-
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lar perturbation at the onset of exercise. Such
adaptation to training is thought to be important. For
example, Poole and Richardson (28) have suggested
that the decrease of oxygen deficit may lead to the
increase of time until exhaustion, especially in a su-
pralactate threshold constant-load exercise. Accord-
ingly, our study shows that the decrease of oxygen
deficit is a potential factor for the increase of time until
exhaustion in a severe run performed after a specific
endurance training program, with the other factors
remaining, however, to be elucidated.

The link between the slow component and the work
tolerance remains unclear (19, 27). Although the at-
tainment of Vo, .. and the progressive increase of
blood lactate may lower the work tolerance (29), Billat
et al. (9) have recently shown that the slow component,
defined as the increase of Vo, between the 3rd min and
the end of exercise (34), is not related to the time to
fatigue in a severe running or cycling exercise. Corre-
spondingly, in our study, the slow component (4,) is
not related to the time until exhaustion in a severe run,
disproving thus the hypothesis that a slow component
of small amplitude may be associated with a great
work tolerance.

For the same absolute work rate before and after
training, the slow component, as defined by Whipp and
Wasserman in 1972 (34), may be reduced by 50-65%
after 6—8 wk of an endurance training program (11, 18,
35). Nevertheless, the mechanisms responsible for
such adaptation to training are not firmly established.
Studies have shown that the slow component arises
predominantly from the exercising limbs (27). It is
likely that the slow component is mainly due to the
glycolytic-twitch fibers’ recruitment at supralactate
threshold work rates, with the fast-twitch fibers being
less energetically efficient than the slow-twitch fibers
(19, 27). It is thus possible, if not probable, that the
adaptations to training in the motor-unit recruitment
pattern and in the fast- and slow-twitch fibers’ mito-
chondrial content may account for the slow-component
attenuation (19, 27, 35). Our study shows, however,
that, in well-trained subjects, the slow component (A,)
does not change after a specific endurance training
program, which, hypothetically, allows the fast- and
slow-twitch fiber’s recruitment. It raises the difficulty
of investigating such adaptation to training in well-
trained subjects, who, moreover, perform a supralac-
tate threshold running exercise in which the slow com-
ponent is generally small, if not nonexistent (5, 9).

Poole et al. (27) have suggested that the only way to
improve the work tolerance in cardiac- and ventilatory-
limited patients is to lower the Vo, by removing or
decreasing the excess Vo, associated with the slow
component. Such adaptation to training may be ob-
tained by improving the lactate threshold or the criti-
cal power (18, 29). Nevertheless, the efficacy of such a
strategy to improve work tolerance in patients or sed-
entary or endurance-trained subjects remains to be
firmly established. In our study, two subjects who,
contrary to before training, were not able to attain
their Vo, .. after training, improved their time until
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exhaustion. It is likely that, by increasing their critical
velocity and, consequently, decreasing their slow com-
ponent (A,), they improved their work tolerance. In-
deed, the critical power represents the upper limit for
which the Vo,, blood lactate, and blood pH can be
stabilized. On the other hand, an exercise performed
above the critical power is characterized by a steadily
increasing Vo, and blood lactate, a decreasing blood
pH, and consequently, an imminent fatigue (29).

To conclude, this study shows that significant adap-
tations and performance improvements, which cannot
be assessed by a single incremental test, can occur in
well-trained subjects after a specific endurance train-
ing program. It also shows that, for the same absolute
supralactate threshold work rate before and after
training, significant adaptations concerning the Vo,
kinetics may lead to performance improvements in
well-trained subjects.
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