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ABSTRACT

Mendes TT, Barros CLM, Mortimer LACF, Puga GM, Ramos GP,
Prado LS, Silami-Garcia E. Individual Glucose Threshold and Maximal
Lactate Steady State Coincidence Analysis. JEPonline 2011;14(2):27-
35. The purpose of the present study was to analyze the association
between the individual glucose threshold (IGT) and the maximal lactate
steady state (MLSS). Eight physically active men performed an
incremental exercise test to identify the IGT, and three to five 30 min
submaximal exercise bouts to evaluate the MLSS on a cycle ergometer.
Blood samples were collected from the earlobe at the end of each stage
of the incremental exercise tests and every 5 min during the submaximal
tests to determine blood lactate ([La) and blood glucose concentration.
Heart rate (HR) was continuously measured during all tests. We were
not able to identify the IGT in two subjects. Power output and VO,
identified by the IGT were not different to those identified by MLSS (165
+ 9 and 180 + 11 W; 31.88 + 1.89 and 34.81 + 1.83 mL- kg™*- min™,
respectively). HR and [La] were lower in the IGT compared to MLSS
(154 = 7 and 168 = 3 bpm; 3.93 £ 0.87 and 5.60 + 0.26 mM,
respectively; p<0.05). The agreement correlation coefficients between
IGT and MLSS for power output (-0.13), HR (0.13) and VO, (-0.42) were
not statistically significant (p>0.05). The results indicate that the IGT
method does not represent a valid estimate of the MLSS.
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INTRODUCTION

The blood lactate response [La’] during incremental exercise is commonly used to evaluate and
prescribe exercise training (4,10,12) as well as to predict the maximal lactate steady state (MLSS)
(11,27). The MLSS is considered to be the gold standard for aerobic fitness evaluation and is taken
as a measure of the exercise intensity that can be maintained for a long duration without continuous
lactate accumulation (3,11). The procedure for determining the MLSS is accurate, but it is time
consuming and not very practical for use with athletes.

A number of different methods have been proposed for the estimation of the MLSS from a single
incremental exercise test, such as, the fixed 4mM [La]] (11), ventilatory responses (21,28), hormonal
responses (7,19), heart rate (HR) responses (8), salivary lactate concentration (18), and blood
glucose response (23). Simdes et al. (23) observed an “U” shaped on blood glucose concentration
[bGlu] during an incremental running test. The rise on [bGlu] with concomitant increase in exercise
intensity above the AT occurs in the same fashion as the [La] response during incremental exercises.
Both the heart rate and the running velocity corresponding to the lowest glucose concentration were
not different from exercise intensities identified by the lactate response. Simdes et al. (23) proposed
the individual glucose threshold (IGT) as a valid and reliable method to identify the anaerobic
threshold (AT) during an incremental exercise test, showing no difference from the individual
anaerobic threshold (IAT) as proposed by Stegmann et al. (26).

During progressive exercise, adrenaline is increased in an exponential pattern that leads to enhanced
hepatic glucogenolysis and, therefore, higher blood glucose concentrations (16). For this reason, the
increase in exercise intensity goes along with higher blood glucose concentrations after a reduction of
these concentrations at the onset of exercise, which, in turn, is a consequence of a higher glucose
uptake at the initial intensity stages. Additionally, at a given exercise intensity, glucose uptake by the
muscles become limited due to the decrease in intracellular hexokinase activity (29). Consequently,
during progressive exercise, blood glucose concentrations may increase after reaching a
concentration minimum which may coincide with the anaerobic or lactate threshold. This point may be
defined as the individual glucose threshold (23).Various studies have examined the possibility of IGT
in the identification and/or prediction of AT (2,6,20,22,25) or MLSS (24). Interestingly, these studies
used a treadmill to exercise the subjects. The purpose of the present study was to analyze the
association between IGT and MLSS during exercise on a cycle ergometer. Our hypothesis was that
the IGT would be able to predict the MLSS.

METHODS

Subjects

Eight physically active male university students not participating in any aerobic training took part in
this study (Table 1).

Table 1. Subject characteristics. Values are presented as Mean + SD.

Body mass 0 VOymax
(kg) % Body Fat (mLekg Tsmin™)
8 23.9+2.4 75.9+7.3 178.5+4.2 15.9+5.6 47.78+4.87
Procedures

This study respected all the rules established by the National Health Council (Res. 196/96) for
research with humans and was approved by the Ethics Committee from the Federal University of
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Minas Gerais (Protocol #355/05). All the subjects signed an informed consent explaining the risks and
benefits of the study.

Experimental Design

Subjects performed a maximum incremental exercise test (IT max) to determine maximal oxygen
uptake (VO, max) (1). They also performed an incremental exercise test (IT inc) for IGT identification,
and three to five 30-minute continuous submaximal exercise tests (T sub) for the identification of
MLSS. All tests were performed between 8:00 am and 12:00 pm in an environmental chamber under
a temperate environment of 22 + 1°C and 61 + 8% relative air humidity (RH). The testing conditions
were carried out 5 days apart to minimize the training effect during the study. The subjects were
instructed not to ingest alcohol or caffeine and also to refrain from any exercise activity for at least 24
hrs prior to the tests. They were asked to drink 500 mL of water 2 hrs before the tests to guarantee
hydration at the beginning of each test (1). Urine density was measured using a portable
refractometrer (JSCP — Uridens®, S&o Paulo, SP, Brazil) before each test. The IT max was performed
at a pedaling frequency of 50 rpm. It was started at a power output of 50 W with 25 W increments
every 2 min. The IT inc started at 60 W and pedaling frequency of 60 rpm with 15 W increment every
3 minutes. Both tests were performed until voluntary fatigue. Both tests were terminated when either
the rate of perceived exertion (RPE) (5) was 20 or the subject voluntarily stopped the test.

Maximal Lactate Steady State Identification

For MLSS identification, three to five 30-minute continuous submaximal exercise tests (T sub) were
performed to evaluate the highest exercise intensity at which the [La] did not increase more than
1mM between the 10th and the 30th-minute of constant exercise (3,11). The first intensity was that
corresponding to the 3.5 mM lactate as determined previously using the linear interpolation method
during the IT. If during the first trial the BLC remained stable or decreased towards the end of the 30
minutes of exercise, the intensity of the following trials was increased until a steady BLC could no
longer be maintained. On the other hand, if during the first trial BLC increased continuously over the
30 minutes or exercise was interrupted due to fatigue, the intensity of the following trials was reduced.
The intensity of the subsequent MLSS trials was adjusted by 15 or 30 W.

Individual Glucose Threshold Identification
The IGT was considered to be the exercise intensity at which the lowest [bGlu] occurred followed by
one increase during the IT (23), as shown in Figure 1.

100

[bGlu] (mg.dL)
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Figure 1. Blood glucose concentration (b[glu]) during and incremental exercise test; an example of
identification of the individual glucose threshold (IGT) in one subject from this study.
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Blood lactate and Glucose Analysis

A 25 uL sample of capillary blood was taken from the earlobe and deposited into Eppendorf tubes
containing 50 pL of 1% NaCl for blood lactate and glucose analysis (YSI 2300 STAT, Yellow Spring
Instruments, OH, USA). The samples were collected 10 minutes before the experiments (rest), during
the last fifteen seconds of each stage, and at every 5-minute interval of the T sub test.

Respiratory and heart rate analysis

During all tests the respiratory variables were measured breath by breath through a previously
calibrated gas analyzer (BIOPAC System®, GasSys2, EUA). The heart rate (HR) was monitored
continuously every minute using a Polar heart rate monitor S810i® (Polar Electro, Kempele, Finland).

Statistical Analyses

All results are shown as mean + standard error. A paired t-test was used to compare the workload,
HR, VO, and [La] values identified by IGT and MLSS. The agreement between the workload, HR and
VO, identified by the IGT and MLSS were tested by the agreement correlation coefficient (ACC) (13-
15). This coefficient is used to verify if the regression line of the data coincided with the line of perfect
agreement (45°. The ACC does this by joining one precision component (Pearson correlation
coefficient, r) and one exact component (Cb). The significance level was set at p<0.05.

RESULTS

Workload, HR, VO, and [La]] results are shown in Table 2. It was not possible to identify the IGT in
two subjects due to a lack of a minimum value followed by an increased response in the [bGlu]. There
was no difference between IGT and MLSS in six subjects at the corresponding workload and VO,.

Table 2. Workload, heart rate (HR) and blood lactate concentration [La’] values identified from the
maximum lactate steady state test (MLSS) and individual glucose threshold test (IGT).

Conditions MLSS IGT
Workload (W) 185+12 165+9
HR (bpm) 169+2 154+ 7%
[La] (mM) 5.63+0.29 3.93+0.87

* p<0.05 compared to MLSS.

TABLE 3. Agreement correlation coefficient (ACC), precision (p) and accuracy (Cb) components of the
workload, heart rate, and oxygen uptake identified by the individual glucose threshold and the maximal

lactate steady state.
Workload HR VO,

ACC (?.) -0.13 0.10 -0.42
Precision (?) -0.18 0.27 -0.68
Accuracy (C,) 0.69 0.39 0.62

Table 3 shows the correlation coefficients between the workload, HR and VO, identified from IGT and
MLSS. No significant ACC was observed between the workload, HR and VO, (Figure 2) identified
from both IGT and MLSS (p>0.05). The dotted lines represent perfect agreement, and the solid line is
line of best fit (correlation line).
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Figure 2. Agreement between (A) power output, (B) heart rate, and (C) oxygen uptake evaluated by the
individual glucose threshold (IGT) and the maximal lactate steady state (MLSS).
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DISCUSSION

The present study analyzed the possibility of using the IGT to identify the MLSS intensity on a cycle
ergometer with one single exercise bout through the [bGlu] responses. No differences were found for
power output between IGT and MLSS, but HR was lower in IGT when compared to MLSS. However
no significant correlation was found between these methods.

The exercise intensity corresponding to MLSS is considered to be the gold-standard among the
protocols that identify aerobic fithess using blood lactate responses. However, its use is not practical
due to the number of trials necessary to directly determine the intensity. For this reason, different
methods have been proposed to identify MLSS with a single test. The validity of some of the methods
was not verified to identify the intensity, and there may have been some use of inadequate statistical
procedure to do this verification (9).

Lin (13-15), proposed the ACC to assess the agreement between two methods, and showed that
using only the Student t-test, variance analysis or Pearson correlation was not suitable to verify the
agreement between two methods. The Pearson correlation coefficient measures a linear relationship
but fails to detect any departure from the 45° line, and the paired t-test fails to detect poor agreement
in pairs of data. Combining the above two methods also cannot detect poor agreement in pairs of
data (14). In the present study, although the IGT showed similar values to MLSS intensity for
workload and VO,, there was no significant ACC between the workload, HR and VO, between the
MLSS and IGT intensities. Moreover, it was not possible to identify IGT in two subjects. This result
means that the IGT did not individually estimate the workload (Figure 2A) or the VO, (Figure 2C)
corresponding to the MLSS, even though similar mean values were found. Thus, the use of IGT to
estimate MLSS workload or HR for training prescription and control must be done with caution.

However, Sotero et al. (24) analyzed if the running speed corresponding to IGT could predict the
MLSS and evaluated 13 physically active men in field tests. No differences between running speeds
associated to the IGT and MLSS, with a high correlation between IGT and MLSS (r = 0.947; p<0.01).
Moreira et al. (17) identified the IGT in sedentary and active type 2 diabetic subjects, and found no
significant differences compared to the AT identified by the ventilatory and [La] responses on a cycle
ergometer. Moreover, these authors suggested the use of IGT for aerobic exercise prescription in
type 2 diabetes subjects. As in the previous studies, they did not compare the IGT with the MLSS.

In the present study, there was no “U” shape in the [bGlu] response in any of the subjects. Similar
results were found by Ribeiro et al. (20), which identified an inconsistent [bGlu] response in some
subjects, although they could identify the IGT in all subjects. The [bGlu] identified at the IGT intensity
ranged from 48.93 to 72.22 mg-dL™ and were similar to the results of other studies (20,22,23).

CONCLUSIONS

Our results indicate that the IGT identified by an incremental exercise test on a cycle ergometer did
not estimate the MLSS of physically active subjects.
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