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ABSTRACT

Purpose. The aim of the study was to assess lactate and glucose concentrations as indicators of anaerobic capacity in a highly-
ranked female junior swimmer. Methods. Ten trials of a 5 x 200 m backstroke step test were performed between December
2008 and July 2011. Each trial was video-recorded and blood samples were drawn from the ear lobe 1 min after completion of
each step to measure lactate and glucose concentrations. Results. During maximal effort, lactate concentrations of 5.1 to 13.1
mmol - I"! were recorded, while glucose concentration varied from 6.6 to 8.1 mmol - I"!. Correlations between lactate and glucose
concentrations were significant in most tests. The shape of lactate and glucose curves revealed an improvement in the swimmer’s
endurance ability during subsequent tests. Conclusions. Analysis of fluctuations in lactate and glucose concentrations appears to

be a relevant indicator of the anaerobic capacity of experienced swimmers.
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Introduction

The lactate threshold refers to the intensity of exercise
at which there is an abrupt increase in blood lactate
levels. Bompa [1] describes the lactate threshold as the
moment at which anaerobic metabolism starts to play
a crucial role in providing energy and when aerobic
processes are unable to remove built-up lactic acid and
cannot counteract the increasing acidity of the muscles.
According to Heck et al. [2], the highest blood lactate
concentration (BLC) that increases by no more than
1 mmol - I"! during the final 20 minutes of exercise at
a constant workload can be termed as the maximal
lactate steady state (MLSS). In the case of most exercise
tests, this is cited as the mean BLC of samples drawn at
the 15", 20", 25™ and 30" minutes of such tests. Other
researchers claim that measurement of MLSS should
entail participants to repeat a 30-min constant work-
load test multiple times [3, 4].

The practical use of using lactate tests in swimming
training has been described by many authors [5, 6]. For
example, Pelayo et al. [7] conducted a study on swim-
mers specializing in the 200 m freestyle over a 23
week-long training period. Weeks 2—-10 were devoted to
aerobic exercise while Weeks 10-21 consisted of only
anaerobic exercise. Depending on the type of exercise
performed, different lactic acid production was observed
at the 3 and 12" minutes after a maximal test was
administered. The study indicated that the percentage
value of lactate concentration could provide an effi-
cient marker when monitoring the impact of aerobic
and anaerobic training.

* Corresponding author.
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Besides lactate levels, analysis of the changes in swim-
mers’ glucose levels can also be useful in the evaluation
and control of their physical performance. The primary
justification for this stems from the fact that most
swimming competitions are held at the 100 and 200 m
distances, where the time of maximal physical effort
among the world’s best swimmers varies from 47 s to over
2 min and 20 s. Such efforts trigger the resynthesis of
adenosine triphosphate (ATP) in the glycolytic pathways,
the product of which —lactic acid — has been mentioned
previously as a widely used diagnostic parameter in sport
training. Therefore, analysis of glucose levels, the sub-
strate of the glycolytic pathway, can serve as a useful
indicator of an athlete’s fitness level. However, previous
studies analysing the effects of physical effort in an
aquatic environment on glucose levels have been largely
conducted on diabetic populations [8-11]. Also of rel-
evance was one study that concentrated on investigat-
ing the influence of carbohydrate supplementation on
swimming results [12]. In addition, the results of a re-
cent study conducted on competitive swimmers by
Sengoku et al. [13] found that a few weeks’ worth of
training were enough to induce slight changes in blood
glucose concentration.

In order to further analyse the role of lactic acid
and blood glucose levels in assessing the anaerobic ca-
pacity of elite swimmers, the aim of this study was to
verify whether increasing the intensity of effort during
an exercise test could demonstrate a relationship be-
tween blood glucose and lactate concentrations. Addi-
tionally, it was hoped to determine whether glucose
and lactate concentrations are essentially correlated.
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Material and methods

The study was conducted on a healthy female mem-
ber of the Polish National Junior Swimming Team, who
at the initial phase of the study was aged 16 years, 176 cm
tall and weighed 69 kg. She was a world-class junior cat-
egory competitor and a medal winner in the backstroke
at junior World and European championship events.

The study procedure outlined below was approved
by the Ethics Committee of the University School of
Physical Education and Sport in Gdansk, Poland and the
athlete provided her written informed consent prior
to participation in the study.

Measurement of the swimmer’s anaerobic capacity
was conducted using a 5 x 200 m step test, which con-
sisted of five 200 m backstroke swims performed with
increasing intensity every subsequent step (200 m). The
first step was completed at 75-80% of the swimmer’s
maximal velocity for the 200 m distance, the second at
81-85%, the third at 86-90%, the fourth at 91-95%
and the last swim performed at maximal velocity. Rest
was provided between each step and lasted 3, 5, 7 and
20 min, respectively. Before each step test the swimmer
performed a standard warm-up in the water (600 m of
standard preparation exercises, 400 m of backstroke
technique exercises, 4 x 25 m backstroke at increasing
velocity every 45 sec, then 400 m of free swimming).
All trials were filmed, measured, and analysed using
a DCR-HC19E video camera (Sony, Japan) filming at
25 Hz and Adobe Premiere Pro ver. 7.0 (Adobe Systems,
USA) video software.

Capillary blood samples were drawn from the ear
lobe 1 min after each step was completed. For some tests,
samples were also drawn at the 3 and 4" min in order
to verify maximal lactate and glucose concentrations.
Lactic acid concentration was assessed using a Lactate
Scout analyser (SensLab, Germany), whereas glucose
level was measured with a FreeStyle Lite glucometer
(Abbott Diabetes Care, USA). Each blood sample was
examined twice by the lactate analyser and glucometer.
A coefficient of variation (CV) was calculated from each
pair of measurement results. The range of CV varied
from 2.5 to 3.5.

Altogether four step tests in the 2008/2009 season
(December-June) and six tests in the 2010/2011 season
(September-July) were used for analysis. Results from
the 2009/2010 season were omitted from analysis as
only two tests were properly conducted during this pe-
riod. Therefore, comparison of the results were made
only between the 2008/2009 and 2010/2011 training
seasons.

All trials were conducted in the same 25 m indoor
swimming pool. The examined athlete followed a bal-
anced diet recommended for swimmers [14, 15] and
performed each trial on an empty stomach. Throughout
the study, the athlete’s body composition was assessed
weekly by a Bio Scan 920-2 device (Maltron, UK). Blood

glucose concentration was also assessed every week be-
fore a morning training session. The participant’s train-
ing units were planned and conducted according to Ma-
glischo’s guidelines for middle-distance swimmers [16].

Statistical analysis was conducted with Statistica
ver. 10 (StatSoft, USA). Arithmetic means and Spear-
man’s rank correlation coefficient were used for statis-
tical evaluation of the study results. The level of statis-
tical significance was set at p < 0.05.

Results

Lactic acid concentrations (LA) obtained during the
first step test in December 2008 were found to almost
perfectly match the lactate curve (Fig. 1). Three months
later, during the second test in March 2009, the swimmer
had an uncharacteristically higher lactate concentration
during Step 2 (4.2 mmol - 1), i.e. at a lower swimming
velocity, than during the higher velocity performed in
Step 3 (3.7 mmol - I7). The level of anaerobic power,
expressed as maximal acidification, at the same pace
(step) as in December 2008 decreased by 1.4 mmol - 17!,
When comparing the results of the test conducted in
April 2009 with the previous one, it was observed that
blood lactate concentration was 0.9 mmol - 1" at a swim-
ming velocity of 1.21 m - s™') while only slightly larger
(1.4 mmol - 1) at 1.27 m - s”'. Additionally, swimming
velocity close to the onset of blood lactate accumula-
tion (OBLA) was increased at a lower acidity level.
Furthermore, the results of the last step improved from
2 min 19 s to 2 min 17 s with only a minor increase in
maximal lactate concentration. When compared to the
third lactate test (April 2009), the results of the June
2009 test showed additional improvement in swim-
ming velocity close to the OBLA (April 2009: 1.36 m - s™*
at 4.4 mmol - 1" acidity vs. June 2009: 1.38 m - s™" at
4.3 mmol - I"). Maximal swimming velocity remained
constant although with a decrease in acidity (from
12.3 mmol - I"! to 11.8 mmol - 17}, respectively).

Glucose concentrations measured during the step
tests held over the 2008/2009 training season are pre-
sented in Figure 2. The shape of the glucose curve for
the March 20009 test is slightly different from the one
recorded in December 2008. There is a decrease between
the first and the second step but only by 0.1 mmol - I\
Additionally, there is an almost linear relationship be-
tween swimming velocity and glucose concentration
from the second step of the test to the last step. The shapes
of the glucose curves recorded for December 2008 and
March 2009 are completely different in the first three
steps of the tests, while there is a very similar inclination
and direction of the data between the results of the fourth
and fifth steps. On the basis of the glucose curve shapes,
it can be observed that in March 2009 the swimmer
covered the steps at 75-80% and 81-85% intensity with
lower glucose concentrations than in the preceding
test. However, a different situation can be seen in the
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Table 1. Correlation of lactate and glucose concentrations (mmol - 1) during the 5 x 200 m backstroke step test
in the 2008/2009 season
23 Dec. 2008 21 Mar. 2009 20 Apr. 2009 18 June 2009
Intensity
LA GL LA GL LA GL LA GL
75-80% 3.6 5.2 2.2 4.6 0.9 5.4 1.4 5.0
81-85% 4.0 6.4 4.2 4.5 1.4 5.7 1.5 5.6
86-90% 4.7 6.1 3.7 5.5 3.5 5.9 3.4 5.9
91-95% 7.1 5.7 5.0 6.0 4.4 6.2 4.3 6.2
Max 13.1 6.8 11.7 8.1 12.3 7.3 11.8 7.1
Spearman’s p 0.600 0.700 1.000* 1.000*
(* p<0.05)

case of the steps performed at maximal intensity, with
the shapes of the glucose curves recorded in April 2009
and June 2009 being very similar. In June 2009, the dif-
ferences of the results were the smallest in comparison
with the previous test. However, the recorded values
were smaller than those in the previous test.

Analysis was then performed to check whether
lactate and glucose correlations were similar among
all the performed tests. It was found that there were
some differences in correlation results among the tests
(Tab. 1).

On the basis of the plotted glucose and lactate curves
recorded in the 2010/2011 season, the improvement in
anaerobic capacity was not as systematic and evident
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as in the 2008/2009 season. The results of the step test
performed in September 2010 show more advanta-
geous fluctuations in lactate concentrations than then
successive test performed in November 2010 (Fig. 3).
At a swimming velocity of 1.33 m - s™', close to the
OBLA, blood lactate concentration was 4.2 mmol - I,
while at 1.32 m - s™ lactate was higher, at 5.1 mmol - I\,
A similar situation was observed in the tests conduct-
ed in April and June 2011. The swimmer had better
aerobic capacity in April 2011 (3.7 mmol - 1! lactate
concentration at 1.35 m - s™), but her abilities to per-
form at submaximal and maximal intensity anaerobic
efforts noticeably decreased (5.1 mmol - 1" lactate con-
centration).
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Table 2. Correlation of lactate and glucose concentrations (mmol - 1) during the 5 x 200 m backstroke step tests
in the 2010/2011 season
25 Sept. 2010 01 Nov. 2010 27 Nov. 2010 22 Jan. 2011 30 Apr. 2011 12 July 2011
Intensity
LA GL LA GL LA GL LA GL LA GL LA GL
75-80% 1.4 5.2 1.4 5.4 1.3 4.0 1.4 5.4 1.5 5.0 1.6 5.6
81-85% 2.8 5.7 2.4 6.1 1.5 5.4 2.5 5.9 1.9 5.2 2.1 5.9
86-90% 4.2 5.7 5.1 6.6 3.0 5.7 4.7 6.6 2.4 5.7 3.5 6.0
91-95% 5.5 6.0 7.4 7.2 4.0 4.5 6.9 7.2 3.7 6.0 6.8 6.9

Max 11.0 7.1 11.0 7.8 9.5 6.8 12.6 6.9 5.1 6.6 11.0 7.0
Spearman’s p 0.974* 1.000* 0.700 0.900* 1.000* 1.000*
(* p <0.05)
The shapes of the glucose curves in the 2010/2011 Discussion

season present noticeable differences for the athlete’s
anaerobic capacity when compared with 2008/2009
season. The highest glucose concentration (approx.
7.8 mmol - ') at the highest velocity was achieved in
November 2010 (Fig. 4). During the other step tests,
glucose concentration varied from 6.8 to 7.1 mmol - I},
reaching its lowest level of 6.6 mmol - 1" in April 2011.
The most varied results in that season were obtained
in November 2010 and April 2011. Comparison of
these two results show that a lower glucose concentra-
tion in April and where the swimmer’s velocity did
not exceed 1.37 m - s™ (Fig. 4). Correlations between lac-
tate and glucose concentrations in the 2010/2011 season
were strong and significant for most of the tests (Tab. 2).

In competitive sport, it is extremely crucial to moni-
tor the adaptive changes that an athlete undergoes
throughout the training cycle. Knowing an athlete’s
level of physiological preparation allows trainers to select
appropriate training methods and avoid overtraining
caused by excessive training loads. In swimming, con-
trolling the effectiveness of the training process by moni-
toring changes in lactate concentration is considered an
efficient assessment tool, especially if such lactate tests
are frequently administered. However, due to the severe
physical and mental strain a swimmer undergoes during
a lactate test, it is recommended to limit their applica-
tion to no more than several times per season [17, 18].
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The correlation between lactic acid production and
exercise intensity is widely known and has been com-
monly applied in training practice. Even though the
production of lactic acid from glucose is also recog-
nized, there is little scientific evidence showing that it
can be directly connected with the body’s reaction to
blood glucose concentration during exercise of varied
intensity. As is commonly known, this is a shared pro-
cess that occurs via carbohydrate metabolism during
physical exercise. During exercise of low and medium
intensity, glucose concentration usually remains steady,
with a tendency to decrease during prolonged efforts.
However, exercise of increasing intensity lasting longer
than approximately 90 minutes may cause a significant
decrease in glucose concentration [19]. This process is
regulated by means of insulin concentration, which
inhibits glycogenolysis and gluconeogenesis.

In the present study, the evidently low correlation
between LA and GL concentrations in the test conducted
in December 2008 could have been caused by a too high
velocity in the first step of the 5 x 200 m test. The results
of the test performed in April 2009 were noticeably
different in this respect. It can be seen that the swim-
mer began the test at the same velocity as the previous
month; however, her better aerobic capacity (LA lower
by 1.3 mmol - 1) at this point in time may have negated
the need for an increased amount of hepatic glucose. In
the literature, it was acknowledged that trained individ-
uals produce more hepatic glucose during prolonged
and more intensive exercise [20]. The lactate curve re-
corded in April 2011 was found to have shifted further
rightward, indicating that the athlete’s condition had
even further improved. Nevertheless, this test also showed
the lowest value recorded for LA concentration during
maximal effort, which may have been caused by insuf-
ficiently filled carbohydrate depots or, as it is also
known, the “lactate paradox” [21].

During the second and fourth steps (81-95% inten-
sity range) of the tests conducted in the 2010/2011 season,
it was expected that the swimming velocity would in-
crease; instead, it was found to have decreased. A weaker
relationship between the analysed variables was also
noted in November 2010, which, from a coaching per-
spective, is quite surprising. In terms of training load,
this period was essentially similar to the other tests.
Therefore, either chronic fatigue or an insufficient
amount of carbohydrates in the athlete’s diet may be an
explanation for this finding, as Paschoal and Amancio
recorded muscle degradation as the result of an improper
carbohydrate diet among competitive swimmers [22].

The present study indicates that the relationship
between glucose and lactic acid concentrations in suc-
cessive lactate tests may be diametrically opposed,
suggesting that such a relationship may be the result
of factors such as diet and previously applied training
loads. As claimed by Maglischo [16], the main role of
training is to increase the capacity of the energy sources
involved during swimming. Although in some sport dis-
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ciplines the ratio of energy provided by the aerobic/ana-
erobic pathways may not be as important, this factor
plays a crucial role in the process of swimming training
where considerable focus is placed on the development
of endurance, strength and speed. In this regard, Kabas-
kalis et al. highlighted the practical usefulness of moni-
toring dietary intake and the biochemical status of
competitive swimmers [23]. The continuation of studies
and further analysis of this subject will allow for a better
understanding of the issues presented in this paper as
well as their practical use in the optimization of training
of elite swimmers.

Conclusions

The results of the study allow the following con-
clusions to be drawn:

1. Increasing swimming velocity during the 200 m
backstroke leads to an increase in glucose concentra-
tion in capillary blood. In order to obtain an almost
linear relationship between glucose and lactate in a 5
x 200 m test, it is crucial to begin the test at an intensity
that corresponds to a lactate concentration of less than
3.6 mmol - 1.

2. Significant correlations between lactate and glu-
cose levels in blood were found in most of the performed
test, where Spearman’s correlation coefficient was fre-
quently higher than 0.90.

3. The simultaneous monitoring of glucose and lac-
tate levels in the blood during a lactate test can show at
what exercise intensity the demand for glucose grows.

4. Decreased blood glucose concentration during
a 5 x 200m backstroke test may indicate an increase in
aerobic metabolism.
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