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Abstract

The purpose of the present study was to review the various methods, invasive and non-
invasive, used to determine the anaerobic threshold (AT). AT is the highest training
intensity at which energy requirements of exercise are mainly provided by aerobic
energy system, and the rate of lactate appearance in the blood is equal to the rate of its
disappearance. Since AT occurrence is associated with aerobic to anaerobic transition, it
has a significant contribution to precise exercise prescription, determination of exercise
intensity domains, and prediction of performance especially in endurance athletes. Direct
measurement of blood lactate is the most accurate method to determine AT, but it has an
invasive, expensive nature, and exposes the subject to the risk of blood sampling. As a
result, other non-invasive methods that mainly use heart rate and workload relationship
or changes in respiratory indexes such as oxygen and carbon dioxide equivalent, have
been considered to determine AT. Meanwhile, the traditional method of AT
determination usually uses two-phase models (one turn point). While recent researches
prefer three-phase models (two turn points) which provide better estimation of training
domains compared to those offered by two-phase models. Therefore, the present study
intends to review the most common methods of AT determination and their pros and
cons in the form of two- and three-phase models.
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Extended Abstract

Background and Purpose

Anaerobic threshold: Concept and application

Anaerobic threshold (AT) is the highest training intensity at which energy
requirements of exercise are mainly provided by aerobic energy system, and the
rate of lactate appearance in the blood is equal to the rate of its disappearance
(1). Since AT occurrence is associated with aerobic to anaerobic transition, the
physiological variables corresponding to AT including oxygen consumption
(O,), heart rate (HR), and workload are extensively used for exercise
prescription especially in endurance athletes. Direct measurement of blood
lactate is the most accurate method to determine AT, but it has an invasive,
expensive nature, and exposes the subject to the risk of blood sampling (2). As a
result, other non-invasive methods that mainly use heart rate and work load
relationship or changes in respiratory indexes such as oxygen and carbon
dioxide equivalent, have been considered to determine AT. The purpose of the
present study was to review the various methods, invasive and non-invasive,
used to determine the AT.

Two phases' Models of AT Determination

Lactate Threshold

AT can be determined by monitoring the changes in blood lactate and so it is
called lactate threshold (LT). Since lactate is the final product of anaerobic
glycolysis, the increase in blood lactate levels represents the enhanced activity of
anaerobic glycolysis. Because the occurrence of AT is due to the enhanced
activity of anaerobic glycolysis, monitoring the changes in blood lactate can be
used for LT determination. This invasive method requires repeated
measurements of blood lactate concentration and LT can be defined as 1) the
non-linear rise in blood lactate concentration and the point of abrupt increase in
blood lactate level (Fig. 1A) (3), 2) a specific blood lactate cut-off value, such as
2.0, 3.0, 3.5 or 4.0 mmol-I-1 (Fig. 1B) (2), 3) the resting value of blood lactate
plus a specific value such as 1.5 mmol-I-1 (Fig. 1C) (4). These are the most
accurate methods to determine AT. However, whether lactate is measured in
arterial, capillary or venous blood will also affect the results.

Respiratory Threshold

AT can also be determined using the changes in respiratory gas indexes. In this
case, continuous measurement of respiratory gases and definition of a
respiratory anaerobic threshold (RAT) is required for determination of the AT.
The non-metabolic CO, production in response to buffering of lactate produced
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in anaerobic glycolysis is the basis of RAT determination. This non-metabolic
CO, production changes the relationship between inspired O, and expired CO,
during incremental
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Fig 1. Different invasive and non-invasive methods of anaerobic threshold
estimation.
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exercise test and it can be used for RAT determination (5). In this non-invasive
detection method, AT is defined as the point where 1) there is an intersection of
the two straight lines determined by linear regression explaining VCO, vs. VO,
(Fig. 1D) (5), 2) there is a non-linear rise in ventilation equivalent for O, (EqO,)-
workload which is not associated with the increase in ventilation equivalent for
CO; (EqCO,) (Fig. 1E), 3) respiratory exchange ratio (RER) abruptly rises, or
where RER exceeds a certain defined cut-off value, such as 1.05 (Fig. 1F).
These non-invasive methods are accurate enough to detect the AT; However,
visual inspection required for AT detection may result in bias in the
interpretation of AT. So, computerized analysis of data may overcome this
problem.

There are also some other non-invasive methods that use blood gas parameters
such as arterial oxyhemoglobin saturation (SpO,%) and O,-pulse for AT
detection (6, 7). In these cases, AT is defined either as the abrupt decrease in
SpO,%-workload or turn point in O, pulse-workload curve during incremental
cycling testing (Figs. 1G, H). The change in acidity resulting from starting
anaerobic metabolism associated with AT- which results in dissociation of O,
and hemoglobin- is used as a basis for detection of AT by monitoring SpO,%
changes (7). O, pulse is defined as the ratio of oxygen consumption to heart rate
and expresses the volume of oxygen ejected from the ventricles with each
cardiac contraction. Different relationships of VO, and HR with workload
during progressive exercise are used for AT detection by monitoring the O,
pulse (6). At intensities above AnT, HR consistently demonstrated an increase
with a time constant that was appreciably faster than that for O,. These
relationships have, as a necessary consequence, a hyperbolic increase in 02
pulse during the later stages of vigorous exercise.

Heart Rate Deflection Point

The relationship between HR and workload can also be used for non-invasive
determination of AT. The heart rate deflection point (HRDP), originally
proposed by Conconi et al., is a downward or upward change from the linear
HR-work relationship evinced during progressive incremental exercise testing
(Fig. 1I) (8). Conconi et al. suggested that HRDP occurs coincidently with the
AT and therefore could be used as a noninvasive method to detect AT. Other
studies proposed the maximal-deviation method (Dy.x) to determine the HRDP
(Fig. 1J). In this method AT is considered as the point on HR-workload curve
that is furthest away from a straight line connecting the first and last points of
that curve (8).

Three-Phase Models of AT Determination
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The traditional methods of AT determination usually use two-phase models (one
turn point). While recent researches prefer three-phase models (two turn points)
which provides better estimation of training domains compared to those offered
by two-phase models. In this model, no matter what kind of noninvasive method
is used, two turn points are determined on the chart (Fig. 1K). The first-turn
point (TP1) for lactate, the VE/VO2, RER, SpO,%, O2 pulse, and HR is
equivalent to aerobic threshold originally defined as the “anaerobic threshold by
two-phase models. The second-turn point (TP2) for lactate, the VE/VO2, RER,
SpO,%, O2 pulse, and HR is equivalent to the maximal lactate steady state
(MLSS) which is significantly higher than the first-turn point and mostly
described as the “anaerobic threshold”. As three-phase models define the target
training zones more precisely, this somewhat sophisticated approach is expected
to be superior to two-phase models for AT prediction. In addition, this definition
of target training zones by means of turn points is necessary for exercise
prescription in endurance athletes who need to train at different intensities.

Article Message

Several invasive and non-invasive methods have been used for prediction of
anaerobic threshold and each method has its own advantages and disadvantages.
Among these methods, VE/VVO, method is non-invasive and simple to perform,
and based on the literature seems to the best method for estimation of AT.
Meanwhile, three-phase models are more superior to two-phase models for AT
prediction and using this model is recommended to coaches and athletes.
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