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Overtraining (OT) is one of  the most popular topics between 
coaches and researchers. The problem of  this syndrome has 

been well-known for 70-years, however, the mechanism that in-
duces OT remains unclear.1-3 Many recent papers have referred to 
the work of  Kreider et al4 for the definitions of  overreaching (OR) 
and OT.1-3

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.

 These definitions suggest that the difference between 
OT and OR is the time that is needed from the recovery. For ex-
ample, the recovery from OT syndrome (OTS) may require weeks 
to months while for OR resolved within days to weeks. Several 
psychological disturbances such as psychosocial stressors, sleep 
disorders and illness, decreased vigor, increased fatigue and re-
duced performance and the athletes will need weeks or months to 
recover.5

 Many researchers have tried to examine the effects of  
overtraining in athletes.6 Although, as there is no diagnostic tool to 
identify an athlete with OT or OR syndrome, diagnosis can only be 
made by excluding all other possible influences on changes in per-
formance and mood state.1 So, that prevention is still the best cure, 
and to avoid the onset of  OR or OT athletes should record daily 

their training load, using a daily training diary or training log.3 Ath-
letes, coaches and researchers need to recognize the early warning 
signs OR or OT. However, there are recognized physiological and 
biochemical parameters which are associated with overtraining, for 
example a low iron or testosterone-level.7

 The OT or OR syndrome represents one of  the most 
feared complications in competitive athletes and concern coach-
es and researchers,8 because the recovery of  athletes may require 
weeks to months. The aim of  strength and conditioning is to im-
prove performance of  athletes. Nonetheless, there is a thin line 
between maximal performance and OT or OR. As a consequence, 
when an intensive, excessive and extended training are applied con-
current with inadequate recovery, many of  the positive physiologi-
cal alterations associated with physical training are reversed with 
OT or OR.2 Overreaching is often used by athletes during a typical 
training cycle to improve performance. If  the intensity, the load 
and the duration of  the training are not reduced, OR leads to OT.1 

However, athletes who are diagnosed with OTS may take months 
or years to completely recover, this means that an athlete’s career 
may be seriously compromised and there are many cases that ath-
letes stopped the athletic career due to OT or OR.1

 OT or OR is recurrent problem and is often observed in 
high performance athletes and in different sports. More especial-
ly, studies have reported that the symptoms of  OTS appeared in 
>60% of  distance runners during their athletic careers, >50% of  
professional soccer players during a 5-month competitive season, 
and 33% of  basketball players during a 6-week training camp.2

DIAGNOSIS

Diagnosis of  OTS and OR is not simple. Unfortunately, diagnosis 
of  OTS cannot be made definitively with one biomarker, there are 
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a few markers that may be considered in the elite athlete.3,8,9 From 
the literature the most used biomarkers are urea (5-7 mmol/L), 
uric acid (237-449 μmol/L), ammonia (70-80 μmol/L), and cre-
atine kinase (100-250 U/L).8 However, there are many others bio-
markers that should be examined. However, one may be able to 
estimate training load and the body’s response with the following: 
salivary immunoglobulin A, serum testosterone: cortisol and over-
night urinary cortisol: cortisol ratio.

 The study of  Barron and Noakes,10 was one of  the first 
studies that investigate the possible mechanisms of  overtrain-
ing. Four overtrained athletes were investigated in total, with only 
two subjects given actrapid insulin alone. The prolactin responses 
of  the subjects to this challenge ranged from <1 to 98 ng/min/
mL. Additionally, subjects were reported to be recovered after a 
4-week rest period. This suggests that the athletes were, indeed 
overtrained; however, performance was not measured in this study.
In the study of  Rowbottom et al.11 examined a combination of  
parameters in ten athletes who were diagnosed as overtrained. 
Athletes reported difficulty maintaining their training program 
and fatigue. Resting hematological, biochemical, and immunologi-
cal measures were made and compared with established normal 
ranges. The only measured parameter that was significantly differ-
ent to normal ranges was glutamine, indicating that in most hae-
matological, biochemical and immunological aspects, these athletes 
were not different from normal controls.

 In the study of  Hedelin et al.12 examined overtrained ath-
letes and found a decrease resting heart rate (-4.8%). The athletes 
reported accumulated fatigue and reduced performance, however,  
the change in performance was not reported and the type of  exer-
cise test was unclear. Compared with normally subjects, the over-
trained subjects had an increase in high-frequency and total power 
in the lying position during intensified training, which decreased 
after recovery. 

 Koutedakis and Sharp13 examined 257 elite athletes who 
were members of  British National Teams in a variety of  sports 
over a 12-month training season. They found that 15% of  athletes 
were classified as overtrained and in 50% of  these cases a state of  
overtraining was said to have developed in the 3-month competi-
tion phase.

 Meeusen et al5 published a test protocol with two con-
secutive maximal exercise tests separated by four hours. With this 
protocol they found that in order to detect signs of  OTS and dis-
tinguish from normal training responses or functional OR, this 
method may be a good indicator not only ofthe recovery capac-
ity of  the athlete but also of  the ability to normally perform the 
second bout of  exercise. The use of  two bouts of  incremental 
exercise to volitional exhaustion to study neuroendocrine varia-
tions identified an exercise-induced increase of  adrenocorticotro-
phic hormone, prolactin, and growth hormone.8 The test could be 
therefore used as an indirect measure of  hypothalamic-pituitary ca-
pacity. In a functional-OR stage a less pronounced neuroendocrine 
response to a second bout of  exercise on the same day is found,14,15 

while in a non-functional OR stage the hormonal response to a 
two-bout exercise protocols hows an extreme increased release af-
ter the second exercise trigger.10 With the same protocol it has been 
shown that athletes suffering from OTS have an extremely large 
increase in hormonal release in the first exercise bout, followed by 
a complete suppression in the second exercise bout.5 This could 
indicate a hypersensitivity of  the pituitary followed by an insensi-
tivity or exhaustion afterwards. Previous reports that used a single 
exercise protocol found similar effects.5 It appears that the use of  
two exercise bouts is more useful in detecting OR for preventing 
OT. Early detection of  OR may be very important in the preven-
tion of  OT.

 On the other hand, there are many studies that report 
diagnosis of  OR. Numerous studies have reported changes in a 
variety of  physiological and biochemical responses to intensified 
training. In a study of  Hooper et al reported a 2.4% increase in 
performance times in swimmers who were overreached compared 
with 1.1% decrease in well trained swimmers. Both Jeukendrup et 
al16 and Snyder et al17 reported a decrease in maximal aerobic pow-
er achieved during a graded incremental cycle test to exhaustion of  
approximately 3-4% as a result of  2-weeks of  intensified cycling 
training. Jeukendrup et al16 reported a slightly larger decline in per-
formance (5%) when the same subjects completed a time-trial test 
with an approximate duration of  15-minutes. When researchers 
incorporate time to fatigue assessments, a larger decline in endur-
ance capacity is evident. Fry et al18 and Urhausenet al19 reported a 
29% and 27% decline in performance, respectively, when using a 
time to fatigue protocol.

PREVENTION 

Diagnosis of  OT or OR is difficult, authors agree that is important 
to prevent them.6 Moreover, one proposed method it is of  utmost 
importance that athletes record daily their training load, using a 
daily training diary or training log.9,20

 In the studies of  Meeusen et al3 reported four methods 
most frequently used to monitor training and prevent OT or OR 
are as follows: retrospective questionnaires, training diaries, physi-
ological screening, and the direct observational method. Also, the 
psychological screening of  athletes and the Borg Rating of  Per-
ceived Exertion (RPE) have received more and more attention 
now-a-days.

 In the reviews of  Kreherand Schwartz9 and Kreher20 re-
ported that major components of  prevention are screening and 
education. One should educate athletes at risk for overtraining 
that one ofthe initial signs of  overreaching is increased rating of  
perceived exertion for a given workload. In addition, sports medi-
cine providers may consider preemptively asking if  training has 
increased to compensate for decreases in performance. History of  
athletes should include inquiry about training (monotony, excessive 
load, sudden increase, caloric/hydration needs in relation to load) 
and personal stressors (interpersonal, family, sleep, travel).
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