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Introduction

The goal in training competitive athletes is to provide training loads that are effective in improving
performance. During this process athletes may go through several stages within a competitive season
of periodised training. These phases of training range from insufficient training, during the period
between competitive seasons or during active rest and taper, to “Overreaching” (OR) and
“Overtraining” (OT) which includes maladaptations and diminished competitive performance.
Literature on “Overtraining” has increased enormously; however, the major difficulty is the lack of
common and consistent terminology as well as a gold standard for the diagnosis of overtraining
syndrome.

In 2006 the ECSS published its consensus statement on Overtraining (Meeusen et al. 2006). We
decided to write an update and to ask the American College of Sports Medicine (ACSM) to provide
input in this paper so that this can be considered as a mutual ‘consensus statement’ of both
international organisations. In this “consensus statement” we will present the current state of
knowledge on the Overtraining Syndrome (OTS) going through its definition, diagnosis, treatment,
and prevention.

Definition

Successful training must involve overload but also must avoid the combination of excessive overload
with inadequate recovery. The process of intensifying training is commonly employed by athletes in
an attempt to enhance performance. As a consequence the athlete may experience acute feelings of
fatigue and decreases in performance as a result of a single intense training session, or an intense
training period. The resultant acute fatigue, after an adequate rest period can be followed by a
positive adaptation or improvement in performance and is the basis of effective training
programmes. However, if the balance between appropriate training stress and adequate recovery is
disrupted, an abnormal training response may occur and a state of “Overreaching” may develop.
Beyond this, the evidence for a supercompensation effect after deliberate periods of intensified
training is not abundant.

Many recent papers have referred to the work of Kreider et al. (1998) for the definition of OT & OR.

- Overreaching : an accumulation of training and/or non-training stress resulting in short-term
decrement in performance capacity with or without related physiological and psychological
signs and symptoms of maladaptation in which restoration of performance capacity may take
from several days to several weeks.

- Overtraining : an accumulation of training and/or non-training stress resulting in long-term
decrement in performance capacity with or without related physiological and psychological
signs and symptoms of maladaptation in which restoration of performance capacity may take
several weeks or months.

As stated by several authors (Budgett et al. 2000, Halson & Jeukendrup 2004) these definitions
suggest that the difference between OT & OR is the amount of time needed for performance
restoration and not the type or duration of training stress or degree of impairment. These definitions
also imply that there may be an absence of psychological signs associated with the conditions. As it is
possible to recover from a state of OR within a 2-week period (Halson et al. 2002, Jeukendrup et al.
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1992, Kreider et al. 1998, Steinacker et al. 2000), it may be argued that this condition is a relatively
normal and harmless stage of the training process. However, athletes who are in an ‘overtrained’
state may take months or possible years to completely recover.

The difficulty lies in the subtle difference that might exist between extreme overreached athletes and
those having an “Overtraining Syndrome” (OTS). The possibility also exists that these states (OR/OTS)
show different defining characteristics and that the overtraining continuum may be an
oversimplification.

To avoid misconception of terminology we here outline the terms OR, OT and the OTS based on the
definitions used by Halson & Jeukendrup (2004) and Urhausen & Kindermann (2002). In these
definitions “Overtraining” is used as a ‘verb’, a process of intensified training with possible outcomes
of short term Overreaching (functional OR); extreme Overreaching (non-functional OR); or the
Overtraining Syndrome (OTS). By using the expression ‘syndrome’ we emphasize the multifactorial
aetiology and acknowledge that exercise (training) is not necessarily the sole causative factor of the
syndrome.

Overreaching is often utilised by athletes during a typical training cycle to enhance performance.
Intensified training can result in a decline in performance; however, when appropriate periods of
recovery are provided, a ‘Supercompensation’ effect may occur with the athlete exhibiting an
enhanced performance compared to baseline levels. This process is often used when going on a
‘training camp’, and will lead to a temporary performance decrement, which is followed by improved
performance. In this situation, the physiological responses will compensate the training related stress
(Steinacker et al. 2004). This form of short term “Overreaching” can also be called “Functional
Overreaching”. When this ‘intensified training’ continues, the athletes can evolve into a state of
extreme Overreaching or “Non-Functional Overreaching”, that will lead to a stagnation or decrease
in performance which will not resume for several weeks or months. However, eventually these
athletes will be able to fully recover after sufficient rest. “Non-Functional Overreaching” emphasizes
that the evolution on the “overtraining continuum” is not only "quantitatively" determined (i.e., by
the increase in training volume) but that also "qualitative" changes occur (e.g., signs and symptoms
of psychological distress and/or endocrine disturbances). This is in line with the classical concept of
"sympathetic versus parasympathetic OTS" (Israel 1976), and recent neuroendocrine findings using a
double exercise test (Meeusen et al. 2004, 2010).

In figure 1 the different stages that differentiate normal training from OR (functional and non-
functional OR) and from the OTS are presented. Training can be defined as a process of overload that
is used to disturb homeostasis which results in acute fatigue leading to an improvement in
performance. When training continues or when athletes deliberately use a short term period (e.g.,
training camp) to increase training load they can experience short term performance decrement,
without severe psychological, or lasting other negative symptoms. This Functional OR (or short term
OR) will eventually lead to an improvement in performance after recovery. However, when athletes
do not sufficiently respect the balance between training and recovery, Non-Functional OR (extreme
OR) can occur. At this stage the first signs and symptoms of prolonged training distress such as
performance decrements, psychological disturbance (decreased vigour, increased fatigue), and
hormonal disturbances will occur and the athletes will need weeks or months to recover. Several
confounding factors such as inadequate nutrition (energy and/or carbohydrate intake), illness (most
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commonly upper respiratory tract infections, URTI), psychosocial stressors (work-, team-, coach-,
family- related) and sleep disorders may be present. At this stage the distinction between Non-
Functional OR and OTS is very difficult and will depend on the clinical outcome and exclusion
diagnosis. The athlete will often show the same clinical, hormonal and other signs and symptom:s.
Therefore, the diagnosis of OTS can often only be made retrospectively when the time course can be
overseen. A keyword in the recognition of OTS might be ‘prolonged maladaptation’ not only of the
athlete, but also of several biological, neurochemical, and hormonal regulation mechanisms.

= Insert FIGURE 1 here

The borderline between optimal performance and performance impairment due to “OTS” is subtle.
This applies especially to physiological and biochemical factors. The apparent vagueness surrounding
OTS is further complicated by the fact that the clinical features are varied from one individual to
another, and are non-specific, anecdotal and numerous.

Diagnosis

Although in recent years the knowledge of central pathological mechanisms of the OTS has
significantly increased there is still a strong demand for relevant tools for the early diagnosis of OTS.
The OTS is characterised by a “sports-specific” decrease in performance together with disturbances
in mood state. This underperformance persists despite a period of recovery lasting several weeks or
months. Importantly, as there is no diagnostic tool to identify (e.g., rule in) an athlete as suffering
from OTS, the solution to the differential diagnosis can only be made by excluding all other possible
influences on changes in performance and mood state. Therefore, if no explanation for the observed
changes can be found, OTS is diagnosed. Early and unequivocal recognition of OTS is virtually
impossible because the only certain sign is a decrease in performance during competition or training.
The definitive diagnosis of OTS always requires the exclusion of an organic disease, e.g.,
endocrinological disorders (thyroid or adrenal gland, diabetes), iron deficiency with anaemia, or
infectious diseases (including myocarditis, hepatitis, glandular fever). Other major disorders or
feeding behaviours such as anorexia nervosa and bulimia should also be excluded. However, it should
be emphasised, that many endocrinological and clinical findings due to OR and OTS can mimic other
diseases. The borderline between under- and over-diagnosis is very difficult to judge.

In essence, it is generally thought that symptoms of OTS, such as fatigue, performance decline, and
mood disturbances, are more severe than those of OR. However, there is no scientific evidence to
either confirm or refute this suggestion. Hence, there is no objective evidence that the athlete is
indeed suffering from the OTS. Additionally, in the studies that induced a state of OR, many of the
physiological and biochemical responses to the increased training were highly variable, with some
measures in some studies demonstrating changes and others remaining unaltered, most likely,
because conditions and the degree of OR and OTS differ and were not comparably described. This is
also probably because the signs and symptoms of OTS are individual and it is not feasible and
certainly unethical to excessively train an athlete in such a way that he/she will develop the OTS.
Therefore, prospective studies are lacking and only few data exist on the OTS.

One approach to understanding the aetiology of the OTS involves the exclusion of organic diseases or
infections and factors such as dietary caloric restriction (negative energy balance) and insufficient
carbohydrate and/or protein intake, iron deficiency, magnesium deficiency, allergies, etc. together
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with identification of initiating events or triggers. One of the most certain triggers is a training error
resulting in an imbalance between load and recovery. Other possible triggers might be the
monotony of training, too many competitions, personal and emotional (psychological) problems and
emotional demands of occupation. Less commonly cited possibilities are sleep disturbance, altitude
exposure and exercise-heat stress. However, scientific evidence is not strong for most of these
potential triggers. Many triggers such as glycogen deficiency or infections may contribute to OR or
the OTS but might not be present at the time the athlete presents to a physician. Furthermore,
identifying these possible initiating events has not revealed the causative mechanism(s) of the OTS.
Consequently, some scientists have suggested that the OTS be renamed as the unexplained under-
performance syndrome (Budgett et al. 2000) which focuses on the key symptom of
underperformance in the OTS rather than on the mechanisms. This terminology has not been widely
adopted outside the UK.

Athletes and the field of sports medicine in general would benefit greatly if a specific, sensitive
simple diagnostic test existed for the diagnosis of the OTS. At present no test meets this criterion, but
there certainly is a need for a combination of diagnostic aids to pinpoint possible markers for the
OTS. Especially there is a need for a detection mechanism for early triggering factors.

Increased training loads as well as other chronic stresses can influence the neuroendocrine system
chronically. However, at this time it is not yet clear which mechanism eventually leads to the OTS.
Probably because of this, and because there are several possible hypotheses, a number of recent
review articles have focused on hypothetical explanations for the mechanism behind the OTS.
Although these theories have potential, until more prospective studies are carried out where a
longitudinal follow up of athletes (who may develop the OTS) is performed, or specific diagnostic
tools are developed, these theories remain speculative.

Prevalence

It is difficult to give exact prevalence figures on NFOR/OTS merely because not all studies clearly
indicate the time frame of data collection. Survey research involving collegiate swimmers and other
endurance athletes who completed a training monocycle report a rate of NFOR/OTS of
approximately 10% (Range: 7-21%) (Raglin & Wilson, 2000). Higher rates have been reported in
other studies but these values are likely inflated by merging cases of FOR, NFOR and OTS. The risk of
NFOR/OTS becomes compounded over the course of an athlete’s career; survey studies of elite
runners report 60% of females and 64% of males indicate experiencing at least one previous episode
of OTS, with a career rate of 33% in non-elite adult runners (Morgan et al. 1987b; 1988b). Similar
career rates of OTS have been reported by young athletes including a 34.6% rate among 231 (age
range: 13-18) age-group swimmers from four countries, with OTS being most common among faster
performers (Raglin et al. 2000), and a 37% rate in 272 Swedish high school junior national athletes
assessed across 16 different sports (Kenttad et al. 2001). Retrospective techniques can be prone to
bias or inaccurate recall, but a recent longitudinal study of British age-group swimmers found 29%
had developed NFOR/OTS at least once, with the risk positively related to skill level (Matos et al.
2011). These findings reinforce both the growing risk of OTS for young athletes and the utility of
retrospective methodologies in OTS research.

Moreover, there is evidence that athletes who have developed the OTS are at a heightened risk of
relapse. In a study of U.S. collegiate swimmers, it was found 91% of the swimmers who developed

REVISION : Consensus Statement ”Overtraining” 6
(17-07-2012)



OTS during their first collegiate training season were diagnosed with OTS again in one or more of the
following three years of training. In contrast, only 34% of swimmers free of OTS during their first
year of collegiate swimming had a later diagnosis of OTS (Raglin, 1993).

This interindividual variation in the risk for NFOR/OTS has been observed in athletes who undergo
the same overload training. In a study of 13 competitive swimmers who completed 10 days of
intensified training at the same volume and relative intensity (8,970 m.day™, at 94% VO,mn.), seven
swimmers successfully completed the required training regimen but three others had difficultly
completing the training requirements, and these athletes had significantly higher levels of POMS
mood disturbance (Morgan et al., 1988a) and lower levels of muscle glycogen (Kirwan et al. 1988).
Another three swimmers were so severely affected by the training that they had to be dropped from
the study.

It remains unclear whether these findings indicate some individuals are particularly predisposed to
developing the OTS when exposed to overload training or whether succumbing to the OTS raises the
risk of relapse. Some tests of potential psychological factors have been conducted and have not
found the risk of OTS to be mediated by intrinsic motivation (Raglin & Morgan 1994), hardiness, or
optimism (Wilson & Raglin 2004).

Assessment of Overtraining

The OTS reflects the attempt of the human body to cope with physiological and other stressors.
Several studies have revealed that the OTS represents the sum of multiple life stressors, such as
physical training, sleep loss, exposure to environmental stresses (e.g., exposure to heat, high
humidity, cold, high altitude), occupational pressures, change of residence and interpersonal
difficulties. Thus the OTS can be understood partly within the context of the General Adaptation
Syndrome (GAS) of Seyle (1936). Concomitant to this “stress-disturbance” the endocrine system is
called upon to counteract the stress situation. The primary hormone products (adrenaline,
noradrenaline and cortisol) all serve to redistribute metabolic fuels, maintain blood glucose, and
enhance the responsiveness of the cardiovascular system. Repeated exposure to stress may lead to
altered responsiveness to subsequent stressful experiences depending on the stressor as well as on
the stimuli paired with the stressor, either leading to an unchanged or increased or decreased
neurotransmitter and receptor function. Behavioural adaptation (neurotransmitter release, receptor
sensitivity, receptor binding etc.) in higher brain centres will certainly influence hypothalamic output
(Lachuer et al. 1994). Lehmann et al. (1993a) introduced the concept, that hypothalamic function
reflects the state of OR or the OTS because the hypothalamus integrates many of the stressors. It
has been shown that acute stress not only increases hypothalamic monoamine release, but
consequently corticotrophic releasing hormone (CRH) and adrenocorticotrophic hormone (ACTH)
secretion (Shintani et al. 1995). Chronic stress and the subsequent chronically elevated adrenal
glucocorticoid secretion could play an important role in the desensitisation of higher brain centres’
response to acute stressors, since it has been shown that in acute and chronic stress the
responsiveness of hypothalamic CRH neurons rapidly falls (Barron et al. 1985, Lehmann et al. 1993b,
Cizza et al. 1993, Urhausen et al. 1998a).

The lack of definitive diagnostic criteria for the OTS is reflected in much of the ‘overreaching’ and
‘overtraining’ research by a lack of consistent findings. There are several criteria that a reliable
marker for the onset of the OTS must fulfil: the marker should be sensitive to the training load and
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ideally, be unaffected by other factors (e.g., diet, chronobiological rhythms). Changes in the marker
should occur prior to the establishment of the OTS and changes in response to acute exercise should
be distinguishable from chronic changes. Ideally, the marker should be relatively easy to measure
with a quick availability of the result, not too invasive (e.g., repeated venous blood samplings are not
well accepted) and not too expensive. Ideally the marker should be derived at rest, from submaximal
or standardised exercise of relatively short duration in order not to interfere with the training
process. However, none of the currently available or suggested markers meets all of these criteria.

BIOCHEMISTRY & HORMONES

Biochemistry

In prolonged training glycogen stores get close to full depletion, glycogenolysis and glucose transport
are downregulated in muscle and liver as well as the liver production of IGF-1, and catabolism is
induced. Although this is one of the likely triggers of OTS, muscle glycogen is typically normal when
athletes are examined (Snyder 1999). Blood glucose is also not typically altered (Urhausen et al.
1998b). Resting blood glucose / insulin ratio may indicate mild insulin resistance (Steinacker et al.
2004).

Blood lactate measurements can be dependent on the actual training status of the individual. Other
factors that are equally important when discussing changes in blood lactate concentrations are the
glycogen status and possible decreases in muscle and liver stores due to increased training. One
almost consistent overall finding, at least in endurance and strength-endurance athletes having the
OTS, is a diminished maximal lactate concentration while submaximal values remain unchanged or
slightly reduced (Urhausen & Kindermann 2002).

Individually increased circulating levels of Creatine Kinase (CK), which especially reacts to eccentric
and unaccustomed exercise with elevations lasting from several days to up to a little over one week,
and/or urea measured under standardised conditions at rest (Urhausen & Kindermann 1992), may
provide information concerning an elevated muscular and/or metabolic strain (Urhausen et al
1989a), but they are not suitable to indicate an OR or OTS state (Urhausen et al. 1998a). Under
glycogen depleted compared to carbohydrate loaded condition, serum urea increases during 1 h
cycling at 61% VO2max but also before and 4h after exercise (Lemon & Mullin 1980). After one single
eccentric strength exercise leading to a nearly 10-fold maximal CK increase with a weak significant
correlation to the isometric strength loss, the positive response to concentric strength training was
significantly delayed for several weeks (Folland et al. 2001).

After 2 weeks of OR with short-term decline of performance and mood state, plasma CK (as well as
glutamate) showed a significant and urea a tendency to increase before normalizing after 2 weeks of
regenerative training in 8 moderately well trained cyclists (Halson et al. 2003) .

The concentration of plasma glutamine has been suggested as a possible indicator of excessive
training stress (Rowbottom et al. 1995). However, not all studies have found a fall during periods of
increased training and overtraining (Walsh et al. 1998) and altered plasma glutamine concentrations
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are not a causative factor of immunodepression in OTS, while other authors rather propose the
glutamine/glutamate ratio as an indicator of OR (Smith & Norris 2000; Coutts et al. 2007a).

Although most of the blood parameters (e.g., blood count, C-Reactive Protein, erythrocyte
sedimentation rate, CK, urea, creatinine, liver enzymes, glucose, ferritin, sodium, potassium, etc. )
are not capable of detecting OR or the OTS, they are helpful in providing information on the actual
health status of the athlete, and therefore useful in the “exclusion diagnosis”.

Problems with biochemistry testing

- Lactate differences are sometimes subtle (lying within the measuring error of the apparatus)
and depend on the modus of the exercise test used

- No lactate changes reported in strength athletes

- Glutamine may fall with increased training load but low plasma glutamine concentration is
not a consistent finding in OTS

Hormones

For several years it has been hypothesised that a hormonal mediated central dysregulation occurs
during the pathogenesis of the OTS, and that measurements of blood hormones could help to detect
the OTS (Lehmann et al. 1993b, Fry et al. 1991, Fry & Kraemer 1997; Kuipers & Keizer 1988; Urhausen
et al. 1995, 1998a, Steinacker et al. 2000, 2004; Meeusen et al. 2004). The results of the research
devoted to this subject is far from unanimous, mostly because of pre-analytical factors, i.e., factors
that occur prior to the final analysis (time of sampling, food intake, time after the end of exercise,
gender, age...) may influence the hormonal profile. In addition, measuring methods and/or detection
limits of the analytical equipment used may differ between studies. Testing of central
hypothalamic/pituitary regulation requires functional tests which are considered invasive and require
diagnostic experience, and these tests are time consuming and expensive. Finally, the distinguishing
characteristic of endocrine systems is the feedback control of hormone production. Virtually all
hormones are under feedback control, some by the peripheral hormones themselves, some by other
hormones or cytokines, peripheral metabolites, osmolality, etc. This feedback relationship is the
reason why simultaneous assessment of hormone/effector pairs is frequently necessary for the
assessment of hormonal status, taking also into consideration the fact that physiological processes
related to endocrine regulation are influenced by more than a single hormone in a multi-level
integrated way (Duclos 2008).

For a long time the resting plasma testosterone/cortisol ratio was considered as an indicator of the
overtrained state. This ratio decreases in relation to the intensity and duration of training and it is
evident that this ratio indicates only the actual physiological strain of training and cannot be used for
diagnosis of OR or the OTS (Lehmann et al. 1998, 2001; Urhausen et al. 1995; Duclos 2008).

Most of the literature agrees that OR and the OTS must be viewed on a continuum with a
disturbance, an adaptation, and finally a maladaptation of the hypothalamic pituitary adrenal axis
(HPA) and all other hypothalamic axes (Lehmann et al. 1993b, 2001; Meeusen 1998; Meeusen et al.
2004, Urhausen et al. 1995, 1998b). For example, the HPA adaptation to normal training is
characterised by increased ACTH/cortisol ratio only during exercise recovery (due to decreased
pituitary sensitivity to cortisol) (Lehmann et al. 1993b; Duclos et al. 1997, 1998), and by modulation
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of tissue sensitivity to glucocorticoids (Duclos et al. 1999, 2003). However, it should be emphasized
that during a resting day, in endurance-trained athletes 24 h cortisol secretion under non-exercising
conditions is normal (Lancaster et al. 2004; Duclos et al. 1999, 2003). Accordingly, morning plasma
cortisol concentration and 24 h urinary free cortisol (UFC) excretion in resting endurance-trained
men are similar to those of age-matched sedentary subjects (Kern et al. 1995; Duclos et al. 1997,
Gouarne et al. 2005). Since UFC represents an integrated measure of the 24 h cortisol secretion, this
is in accordance with the previously reported normal diurnal HPA axis rhythm in endurance-trained
men (Duclos et al. 1997, 2007). Finally, endurance-trained men maintain the seasonal rhythmicity of
cortisol excretion; as in sedentary men the highest concentrations of urinary cortisol, morning
plasma cortisol and saliva cortisol are observed during autumn and winter compared with spring and
summer (Gouarne et al. 2005). Therefore, it can be concluded that resting cortisol is not a useful
measurement.

There is no consensus with regard to plasma, 24 h, or overnight urinary excretion of catecholamines,
for monitoring the impact of the training load and/or an overload. Some studies report an increase, a
decrease or no change of urinary catecholamine excretion (for a review see Duclos 2008) with
successful training, OR or the OTS. Factors other than training load influence secretion and could
result in variations between studies; these factors include: sampling methods, diurnal and seasonal
variations of catecholamine excretion, sex difference effects. As the relationship between 24 h or
nocturnal catecholamine urinary excretion and performance or training monitoring is inconclusive, it
is thus inappropriate to use changes in catecholamine excretion as a tool to monitor training status.
In the OTS, a decreased rise in pituitary hormones (ACTH, growth hormone, GH, luteinising hormone,
LH and follicle stimulating hormone, FSH) in response to a stressful stimulus is reported (Barron et al.
1985; Lehmann et al.,, 1993b; Urhausen et al. 1995, 1998a; Wittert et al. 1996). But behind the
seemingly uniform acute hormonal response to exercise, explaining the disturbance to the
neuroendocrine system caused by the OTS is not that simple. Whether peripheral metabolic
hormones can be used for OR/OTS diagnosis is currently under discussion.

A nutrient-sensing signal of adipose tissue is represented by leptin (Simsch et al. 2002) which like the
glucoregulatory hormone insulin, interleukin-6 (IL-6) and the metabolic growth factor insulin-like
growth-factor | (IGF-I) has been shown to decrease with training-induced catabolism like in OR. These
signalling molecules have profound effects on the hypothalamus and are involved in the metabolic
hormonal regulation of exercise and training (Steinacker et al. 2004). However, the same molecules
respond to chronic energy deficiency which can be associated with endurance training and/or
aesthetic sports (e.g., gymnastics), regardless of the training status (absence or presence of OR/OTS).
Chronic energy deficiency (mainly glycogen depletion) certainly amplifies the stress hormone and
cytokine responses to exercise and might also be one of the "triggering" factors that can lead to the
induction of the OTS.

In addition to the need to study different hormonal axes in parallel, it is also important to consider
the dynamics of hormonal responses. Indeed, the hormonal responses during exercise influence the
hormonal responses during exercise recovery (Kanaley et al. 2001; Duclos et al. 2007; De Graaf-
Roelfsema et al. 2007) and it is therefore important to study both phases of exercise. For this reason,
a multiple-exercise test which gives the opportunity to measure the recovery capacity of the athlete
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but can also assess the ability to normally perform the second bout of exercise, could be useful to
detect signs of the OTS and distinguish them from normal training responses or Functional OR.

Meeusen et al. (2004) published a test protocol with two consecutive maximal exe