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by Massimiliano Ditroilo, Carlo Castagna and Francesco Lucertini

The measurement of blood lactate con-
centration ([La]b) following competition
or maximal and submaximal exercise have
been widely used to assess exercise intensi-
ty, to predict performance and to quantify
the contribution of the anaerobic metabo-
lism to the effort. However, few studies
have focused on athletics and those avail-
able have been conducted with elite ath-
letes. Accordingly, the aim of the present
descriptive study is to assess post-competi-
tion [La]b in 72 young regional level and 36
Masters age group athletes. Overall, mean
values (standard deviation) of [La]b were
8.13(1.08), 12.46 (0.86), 15.12 (1.70), 12.73
(1.69), 15.00 (1.10) mM in males and 8.64
(0.21), 12.89 (2.16), 14.97 (2.26), 14.58
(0.50), 14.22 (0.74) mM in females for the
60m, 200m, 400m, 800m and 1500m dis-
tances respectively. Male Masters athletes,
aged between 36 and 71 years, reached
[La]b values between 6.57 and 18.08 mM,
7.75 and 18.53 mM, 8.25 and 17.00 mM in
the 200m, 400m, 800m distances respec-
tively, depending on age and performance.
The results obtained have the potential to
provide a better insight into the anaerobic
metabolism of regional level and Masters
athletes, with implications for training
programmes.
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Introduction

he measurement of blood lactate
concentration ([La],) during exercise

and sport activities has been used to
determine the intensity of the specific effort!3,
to prescribe training sessions, and to de-
scribe the characteristics and the energy de-
mand of different sports®”’. Although [La], has
been measured during maximal or sub-maxi-
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mal training sessions, or following competitive
events, official races create unique conditions
that maximise the effort and the performance’&.
Indeed, top-class athletes exhibited higher lev-
els of [La], following a competitive race® com-
pared to laboratory tests'®. Post-competition
[La], measurement is deemed to quantify the
contribution of the anaerobic metabolism to
the total energy requirement™ 2,

A vast body of literature has examined post-
competition [La], in high-level athletes of dif-
ferent ages and both genders involved in a
range of sports such as soccer'®, basketball®,
tennis®, badminton™ and judo®™. In contrast,
post-competition [La], assessment in athletics
has only rarely been investigated. In the early
1990s two studies attempted to quantify the
contribution of the anaerobic metabolism to
the total energy demand in 100m and 200m’
and the 400m, 800m and 1500m races'™. They
found a correlation between peak post-compe-
tition [La], and the average racing speed in the
400m and 800m'2. More recently, KORHONEN
et al'® analysed post-competition [La], in Mas-
ters age group athletes participating in races
from 100m to 400m at the European Veterans
Championships and found an age-related de-
cline in peak [La), after 70 years of age, with no
gender-differences were detected. The latter
investigations were carried out with elite ath-
letes during outdoor competitions where the
weather conditions (e.g. wind) could affect the
final performance.

To the best of our knowledge, there has
been only one study undertaken with non-
elite athletes”, where post-competition [La],
has been measured in stable and controlled
weather conditions (e.g. during indoor com-
petitions). Accordingly, the aim of the present
investigation was twofold: i) describe post-
competition [La], in regional level athletes com-
peting indoors in races from 60m to 1500m; ii)
describe post-competition [La], in Masters ath-
letes competing indoors at national level and
relate it to performance and age.

Methods

Participants

A total of 72 athletes (54 men and 18 wom-
en) taking part in the following indoor athlet-
ics races were recruited: 60m, 200m, 400m,
800m and 1500m. In addition, 36 male Mas-
ters athletes competing in 200m, 800m and
1500m at the ltalian national championships
agreed to be involved in this study. Before the
competitions written informed consent was
received from all participants (or their parents
for those under age) after a brief but detailed
explanation about the aims, benefits, and risks
involved with this investigation, which was pre-
viously approved by the Italian athletics federa-
tion, Federazione ltaliana di Atletica Leggera.
Anthropometric characteristics of the partici-
pants are reported in Table 1, along with their
performance time (PT) expressed in seconds
and PT expressed as a percentage of their
seasonal best (values below 100% mean that
the athlete set a new seasonal best).

Lactate measurement

Blood samples were collected within five
to six minutes after the end of the selected
race. A member of the research team waited
for the athlete at the side of the track and was
responsible for checking the time for sample
collection and for guiding the athlete to the lab-
oratory situated about 30m from the track. At
the completion of the recovery, blood sample
was taken from the earlobe and collected in
a 20 pl capillary tube and mixed with a lysing
stabilising agent in a safe-lock vial, which was
gently shaken for a few second. Samples were
analysed within 24 hours with the Biosen 5030
(EKF Industrie, Barleben, Germany) lactate
analyser and [La]o (mmol ') determined®.

Statistical analysis

Results are expressed as mean + standard
deviation except for with the Masters athletes,
where minimum and maximum values are re-
ported, considering the large age range (36 to
71 years of age). [La], was checked for nor-
mality of distribution, then a one-way ANOVA
was used to detect a difference in [La], for
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Table 1: Anthropometric characteristics and performance time of the athletes

Males. Mean (SD)

Race N Age (y) Height (cm) Weight (kg)  Performance (sec) % SB
60 12 21.3 (6.1) 175.9 (6.9) 65.1 (9.1) 7.69 (0.24) 101.4%
200 9 246 (4.9 176.3(8.9) 69.2 (8.0) 24.02 (0.88) 99.9%
400 19 225 (4.6) 1779 (5.3) 70.5 (6.2) 52.81 (1.95) 102.4%
800 9 20.0 (4.1) 179.3 (4.7) 65.1 (6.7) 131.80 (11.60) 106.1%
1500 5 23.4(4.8) 181.8(6.9) 68.8 (11.2) 250.00 (11.77) 100.1%
Total 54

Females. Mean (SD)

Race N Age (y) Height (cm) Weight (kg) Performance (sec) % SB
60 2 215(6.4) 168.5(7.8) 56.5 (16.3) 8.82 (0.61) 103.1%
200 4 26.3(6.2) 170.3 (6.4) 59.0 (2.7) 276 (1.9 104.7%
400 6 20.2(1.6) 166.0 (3.6) 54.8 (4.5) 58.8 (2.9) 108.3%
800 4 215((73) 175.3(.2) 60.5 (11.5) 137.53 (6.77) 102.7%
1500 2 22.0(5.7) 163.5(3.5) 51.0 4.2) 290.27 (9.74) 102.6%
Total 18

Masters. Min-Max

Race N Age (y) Height (cm) Weight (kg)  Performance (sec) % SB
200 12 36-71 170-189 63.5-83.0 23.38-42.35 102.7%
400 1 36-71 165-190 61.0-82.0 51.57-80.05 102.3%
800 13 36-71 164-184 58.0-78.0 120.83-181.87 105.0%
Total 36

% SB = performance expressed as a percentage of seasonal best

men competing in 60m, 200m, 400m, 800m,
1500m. When a significant effect was found, a
Tukey HSD post hoc test was used to locate
the differences. The ANOVA analysis could not
be performed with [La], in women due to the
low number of subjects recruited.

In Masters athletes [La], and PT have been
related to age by determining a linear regres-
sion equation and the correlation coefficient
for each of the three events analysed (200m,
400m, 800m). An a level of p<0.05 was con-
sidered statistically significant.
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Results

Table 2 shows post-competition [La], mea-
sured across the three groups of athletes com-
peting in different events. The average highest
values were recorded for the 400m, both in
males and in females. Overall, no remarkable
differences could be detected between males
and females in each event. The peak [La], was
18.46 mM in men and 17.65 mM in women,
both after 400m. In Masters athletes the post-
competition peak [La], was 18.63 mM for a
performance time of 54.22 in 400m of a male
athlete aged 42.

A significant difference in [La],, as a result of
the ANOVA analysis, was observed between
the 60m and the 200m, 400m, 800m and
1500m (p<0.01), between the 200m and 400m
(p<0.01) and between the 400m and 800m
(p<0.01) as reported in Figure 1.

Figures 2 to 4 relate [La], to age (graph A)
and PT to age (graph B) for Masters athletes
competing in the 200m, 400m, 800m, respec-
tively. Correlation coefficients ranged from 0.63
1o 0.94 and were statistically significant. By us-
ing the regression equations presented in the
figures, the age-related percentage reduction
for [La], and PT were 34.9 and 35.8% for the
200m, 53.6 and 47.7% for the 400m, and 36.9
and 29.8% for the 800m, with the 400m ex-
hibiting the greatest age-related [La], and PT
reductions.

Discussion

The main purpose of this study was to mea-
sure post-competition [La], in regional level
and Masters athletes competing in different
athletics running events. There is a paucity
of published data regarding non-elite athletes
and this investigation aimed to fill this gap. Fur-
ther, the indoor environment ensured that the
athletes performed in controlled atmospheric
conditions.

Table 2: Post-competition lactate values

Males

800 (9) 1500 (5)

12.73 (1.89)

400 (19)
15.12 (1.70)

200 (9)

12.46 (0.86)

60 (12)
8.13 (1.08)

Race (N)
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15.00 (1.10)

[La], (mean (SD))

Females

1500 (2)
14.22 (0.74)

800 (4)

14.58 (0.50)

400 (6)
14.97 (2.26)

200 (4)

12.89 (2.16)

60 (2)
8.64 (0.21)

Race (N)

[Lal, {mean (SD))

Masters

800 (13)
8.25-17.00

400 (11)

7.75-18.53

200 (12)
6.57-18.08

Race (N)

[La]s {min-max)



Post-Competition Blood Lactate Concentration in Regional Level and Masters Athletes

20
+
18 .
16 =
L BT r
%14 - — —
= +
L ]
512 1 '
o ——
=)
10 : ¢
®  Mean
& L I Mean +5D
— +  Extremevalues
+
6
B0 200 400 800 1500
Race

Figure 1: Post-competition blood lactate concentration (mean + SD) measured in athletes competing in the 60m,

200m, 400m, 800m, 1500m indoors

* = significantly different from: 200m, 400m, 800m, 1500m; p < 0.01
** = significantly different from: 400m; p < 0.01
*** = significantly different from: 800m;, p < 0.01

This study, however, presents some limita-
tions that must be underlined. First, the sub-
jects volunteered for participating in the study,
therefore it was not possible to match the
number of younger and older athletes, males
and females, along with their performance lev-
el. Second, the level of post-competition [Lal,
was obtained with only one blood sample col-
lected five to six minutes after the end of the
race. Although the procedure of a single blood
sample has been used previously” 2, a lactate
kinetics would have been more accurate for
determining the peak of post-competition [Lal,.

One of the main outcomes of this investi-
gation is that apparently there are no differ-
ences in [La], between males and females
athletes of regional level, with the exception of
800m, where females exhibited a higher val-
ues of post-competition [La],. The latter could
be somewhat explained with the particularly
low-level of performances in the men’s 800m.
However, the comparison between males and
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females could not be supported by statistical
analysis because of the low number of female
athletes. Further research is required to inves-
tigate the differences in post-competition [Lal,
between men and women.

Post-competition [La], in 60m sprint is
lower than that of the other events essentially
because it is a much shorter and faster race,
where the athletes mostly rely on the alactic
system for energy production. The level of
post-competition [La], in 200m, both in men
and women, is higher than that reported by
HAUTIER et al” in men competing at national
level, i.e. at a higher level than those assessed
in this study. Although this may look surprising,
a difference in the site for blood collection'
along with the different timing (2-3 min after the
end of the race) could at least partially explain
the divergent results. In contrast, results of [La]
, for 400m, 800m, and 1500m races recorded
in this study are lower than those presented by
LACOUR et al’? for the same events involving
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Figure 2: Post-competition blood lactate concentration (A) and performance time (B) related to age in Masters ath-
letes competing in the 200m (the linear regression, coefficient of correlation and statistical significance are also
reported)
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Figure 3: Post-competition blood lactate concentration (A) and performance time (B) related to age in Masters ath-
letes competing in the 400m (the linear regression, coefficient of correlation and statistical significance are also
reported)
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Figure 4: Post-competition blood lactate concentration (A) and performance time (B) related to age in Masters ath-
letes competing in the 800m (the linear regression, coefficient of correlation and statistical significance are also
reported)
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top-level athletes. Since [La], following com-
petition can quantify the contribution of the
anaerobic metabolism to the effort', top-level
athletes are expected to exhibit greater lactic
capacity than regional level athletes.

Masters athletes competing in the 200m,
400m and 800m displayed an age-related re-
duction in performance and [La],, particularly in
the 400m where [La], halved and PT doubled
over a span of 35 years. This is in partial dis-
agreement with another investigation'® show-
ing a much less steep age-related reduction
in [La],, which becomes statistically significant
only after 70 years of age. Nonetheless, these
authors found in athletes aged 70 consider-
ably higher levels of [La], compared to those
reported in this study, especially in the 200m
and 400m. This discrepancy can be attributed
to the greater performance level and training
background of the athletes studied by KORHO-
NEN et al'®, although the latter information is
not available in the present study.

Conclusions

In this descriptive study a number of non-
elite athletes participating in different running
events have been assessed for post-compe-
tition [La],. For all categories of athletes, the
event with the greatest level of [La], is the
400m. No differences were evident between
men and women, although this requires further
research because performance level and sam-
ple size could not be matched in this study.
Male Masters athletes exhibited a large age-
related decline in performance and [La],, and
further investigations should look at female
Masters athletes. The results of this study add
to the knowledge of energetics of running and
have to potential to assist coaches in devising
training programmes.

Please send all correspondence to:
Massimiliano Ditroilo
m.ditroilo@hull.ac.uk
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