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ABSTRACT 
 
Many efforts are made to quantify objectively the balance between 
training load and the athlete’s tolerance. The aim of the present study 
was to evaluate the balance between anabolic (i.e. testosterone and 
IGF-I) and catabolic (i.e. cortisol) hormones in elite judokas during 
their preparations (4 months) for the European championships. Five 
healthy elite Israeli judokas (four male, one female, age range 17–26 
years) were tested at baseline, after two months of moderate training, 
after another one month of intense training, after one month of tape-
ring down prior to the competition, and during the week after the 
championships. Hormonal level remained relatively unchanged during 
period of moderate training. Circulating levels of IGF-I and testo-
sterone decreased and the cortisol/testosterone ratio increased during 
intense training. However, only the decrease in circulating IGF-I level 
reached statistical significance. Both levels of IGF-I and testosterone 
increased significantly, and the cortisol/testosterone ratio decreased 
significantly following tapering down, prior to the championships, 
compared to the levels during intense training. Changes in the balance 
of anabolic and catabolic hormones during the training season may 
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help elite athletes and assist their coaches in their preparation for the 
competition. 
 
Key words: athletes, anabolic, catabolic, IGF-I, Judo 
 
 

INTRODUCTION 
 
Training efficiency depends on the intensity, volume, duration, and 
frequency of training and on the athlete’s ability to tolerate it. An 
imbalance between the training load and the individual’s tolerance 
may lead to under or over-training. As a consequence, many efforts 
are made to quantify objectively the fine balance between training 
load and the athlete’s tolerance. The endocrine system, by modulation 
of anabolic and catabolic processes, plays a major role in the physio-
logical adaptation to exercise training [23]. For example, the change in 
the cortisol/testosterone ratio, as an indicator of the anabolic-catabolic 
balance, has been used with limited success to determine the physio-
logical strain of training [8, 13]. In addition, changes in circulating 
components of the growth hormone (GH)  IGF-I (insulin-like 
growth factor-I) axis, a system of growth mediators that control 
somatic and tissue growth in many species [15], have been also used 
to quantify the effects of training [5].  

Interestingly, very few studies examined the levels of these ana-
bolic/catabolic hormones in elite athletes, during different training 
stages throughout the competitive season, in “a real life” condition. 
Therefore, the aim of the present study was to evaluate the balance 
between anabolic (i.e. testosterone and IGF-I) and catabolic (i.e. 
cortisol) hormones in elite judokas during their preparations for the 
European championships. 
 
 

SUBJECTS AND METHODS 
 
Five healthy elite Israeli judokas (four male, one female, age range 
17–26 years) participated in the study. All the participants were 
members of the Israeli national judo team and prepared for the 
European championships. During the four months follow-up, there 
were differences in the training intensity. During the first two month 
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training intensity was moderate and consisted of 14–16 hours of 
training per week (35% weights, 10% aerobic exercise, 35% judo 
fights and 20% judo techniques and tactics). This period was followed 
by one month of heavy and intense training (14–16 hours per week, 
35% weight, 0% aerobic exercise, 50% judo fights and 15% judo 
techniques and tactics). Following the intense training the judokas 
experienced one month of tapering down prior to the competition. 
This period was characterized by reduced training volume and 
increase pure judo practices and tactics, and increased resting periods 
within each practice (12–14 hours per week, 30% weight, 10% aerobic 
exercise, 30% judo fights and 30% judo techniques and tactics). 
During this period and in particularly in the last week of this period 
the judokas tried deliberately to reduce their body weight in order to 
achieve their competition weight category. 

Blood Sampling and analysis: Blood samples were collected at 
baseline (beginning of the season), and at the end of each training 
period [end of moderate training, end of intense training, end of 
tapering (two-three days before the competition) and during the week 
after the competition]. The tests were performed in the morning, 
following an overnight fast. Blood samples were immediately spun at 
3000 rpm, at 4ºC for 20 minutes. The serum was separated and stored 
at −80ºC. All specimens were analyzed in the same batch by an expe-
rienced technician who was blinded to the order of samples.  

Insulin-like Growth Factor-I: IGF-I was extracted from IGF-
binding proteins (IGFBPs) by using the acid-ethanol extraction 
method. Serum IGF-I concentrations were determined by a two-site 

immunoradiometric assay by using the DSL-5600 Active kit (Diag-
nostic System Laboratories, Webster, TX). IGF-I intra-assay CV was 
1.5–3.4%, and the inter-assay CV was 3.7–8.2%. Assay sensitivity 
was 0.8 ng/ml. 

Cortisol: Serum cortisol levels were determined by a commercial 
RIA (Diagnostic Products Corporation, Los Angeles, CA). The intra 
and inter assay CV for this assay were 3.2% and 6.8% respectively. 

Testosterone: Testosterone serum concentrations were determined 
by ELISA with the use of the DSL commercial kit (Diagnostic System 
Laboratories, Webster, TX). Intra-assay CV was 4.8–5.3%, inter-assay 
CV was 2.8–4.9%, and the sensitivity was 0.04 ng/ml. 
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STATISTICAL ANALYSES 
 
Repeated measure ANOVA was used to assess the effect of exercise 
on IGF-I, testosterone and cortisol with time serving as the within 
group factor. Data are presented as mean ± SEM. Significance was 
taken at p ≤ 0.05. 
 
 

RESULTS 
  
The circulating levels of IGF-I, testosterone, cortisol and the cortisol/ 
testosterone ratio of the elite judokas at baseline, during periods of 
moderate and intense training, during tapering prior to the competition 
and after the competition are summarized in Table 1 and Figure 1. 
Three of the participants lost in the qualifying rounds of the 
championships. One judoka finished fifth and one judoka won the 
European championships. Body weight of the judokas remained stable 
throughout the training periods with a significant decrease of 2.4 ±  
0.3 kg (p < 0.01) prior to the competition.  

Hormonal level remained relatively unchanged during period of 
moderate training. Circulating levels of IGF-I and testosterone decrea-
sed and the cortisol/testosterone ratio increased during intense 
training. However only the decrease in circulating IGF-I level reached 
statistical significance. Both levels of IGF-I and testosterone increased 
significantly, and the cortisol/testosterone ratio decreased significantly 
prior to the championships compared to the levels during intense 
training. There was no significant change in cortisol levels during 
training, but, rather surprisingly, cortisol levels were significantly 
reduced after the competition. 
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Figure 1. The anabolic/catabolic hormonal profile of elite judokas follo-
wing different training intensities during the training season.  
* p<0.05 compared to baseline. # p<0.05 compared to intense training. 
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Table 1. The anabolic/catabolic hormonal profile of elite judokas during 
the training season. 

 Baseline Moderate Intense Pre 
competition 

Post 
competition 

IGF-I 
(ng/ml) 

203.4±22.7 211.6±28.6 153.0±19.3* 202.8±30.3# 177.4±24.0 

Testoste-
rone 
(ng/ml) 

3.9±1.2 3.2±0.9 2.5±0.7 4.5±1.2# 3.6±1.0 

Cortisol 
(mcg/L) 

17.7±1.4 18.9±2.6 16.6±2.1 11.3±2.3 9.6±1.9** 

Cortisol/ 
Testoste-
rone ratio 

3.9±0/9 4.6±0.9 5.3±1.0 1.9±0.5# 2.1±0.5 

 
* p<0.05 intense versus baseline 
# p<0.05 pre competition versus intense training 
** p<0.05 post competition versus baseline 
 
 

DISCUSSION 
  
We determined the effect of four months of training on circulating 
IGF-I, testosterone and cortisol level in elite judokas during their pre-
paration for the European championships. Training consisted of two 
months of moderate training, followed by one month of intense 
training, and than one month of relative tapering prior to the 
championships. Both circulating IGF-I and testosterone level decrea-
sed during the period of intense training, but only the decrease in IGF-
I reached statistical significance. Levels of IGF-I and testosterone 
increased significantly and returned to baseline levels (in the case of 
testosterone even slightly above baseline levels) during tapering.  

We previously demonstrated that the initial response to 5 weeks of 
endurance-type exercise training was associated with a decrease in 
circulating IGF-I. These adjustments occurred despite training-indu-
ced increases in muscle mass, and improvement in fitness [6–8], 
suggesting different local tissue, and systemic responses to training. 
Moreover, these changes occurred even without evidence for negative 
energy balance or weight loss [19], and were associated with increases 
in inflammatory mediators [20]. These observations led to the specu-
lation that the sudden imposition of endurance training program first 
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leads to hormonal adaptations suggestive of a catabolic state, but at 
some point, an anabolic rebound occurs. Consistent with this hypo-
thesis, longer periods of training (5m [12], and one year [24]) were 
indeed associated with increases in circulating GH and IGF-I levels. 

Measurements of IGF-I levels can also assist the athlete and coach 
in the preparation for competition. We previously determined [4] the 
effect of four weeks of training on fitness, self-assessment physical 
conditioning scores and circulating IGF-I in elite professional hand-
ball players during their preparation for the junior world champion-
ships. Training consisted of two weeks of intense training followed by 
two weeks of relative tapering. Circulating IGF-I and physical condi-
tioning scores decreased initially, and returned to baseline levels at the 
end of training. There was a significant positive correlation between 
the changes in circulating IGF-I and the physical conditioning scores. 
Consistent with our findings, a follow-up of IGF-I levels during the 
training season in elite adolescent wrestlers showed also a decrease in 
IGF-I level during periods of heavy training, and return to baseline 
during tapering down [21]. 

Hormonal changes during period of intense training are not unique 
only for IGF-I levels, and may occur in other anabolic hormones, such 
as testosterone [16, 22] and free testosterone [17], as well. The decrea-
ses in testosterone levels can occur following intense endurance and 
resistance training, and in particularly when training is associated with 
food restriction and negative energy balance (e.g. in judokas [1]).  

Tapering down the training intensity prior to the competition is a 
well-known training methodology to help the athlete to achieve his 
best performance [22]. The results of the present study demonstrated 
that this strategy is indeed associated with parallel increases in both 
IGF-I and testosterone and with a decrease in the cortisol/testosterone 
ratio. Therefore, these measures may assist coaches and athletes in 
their training preparations. Interestingly, in type of sports that do not 
plan their training for a specific target, and train in the relative same 
intensity throughout the season (e.g. soccer), changes in IGF-I level 
were not found [19].   

In optimal conditions, during the tapering of training intensity, 
IGF-I and testosterone level will increase above baseline levels and 
will be associated with improved performance. This did not occur in 
the present study. Since both IGF-I and testosterone can be affected by 
weight loss, it is possible that the deliberate decrease in body weight 
of the judokas prior to the championships prevented further increase in 
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these anabolic hormones, and was associated “only” with a significant 
return to baseline values. Moreover, previous studies demonstrated 
training-associated negative correlation between circulating IGF-I and 
ghrelin in athletes [10], suggesting that these hormonal relationships 
can play a role in training-induced changes in body composition, in 
particularly in weight category sports.  

As noted earlier, despite the decrease in circulating IGF-I [2, 3, 4, 
6,] and testosterone [14] during intense training, fitness may still 
improve. This suggests that while changes in circulating IGF-I and 
testosterone are good markers of the general condition and energy 
balance of the athlete, they are not necessarily good predictors of the 
athlete’s performance. Probably, it is the local muscle levels of these 
hormones, and their autocrine/paracrine secretion, that is more 
indicative of the muscle performance [7, 25]. Tapering of the training 
intensity, however, was found to be associated with increased IGF-I 
and testosterone level and with improvement of exercise performance 
of the athletes [9, 22]. 

It is still unknown what should be the permitted decrease of IGF-I 
and/or testosterone during periods of heavy training, or what should 
be the optimal increase of these substances during periods of tapering 
down and reduced training intensity. However, we believe that an 
inability to increase circulating IGF-I and/or testosterone levels before 
the target competition, should be an alarming sign for both the athlete 
and his/her coach that the athlete’s general condition is not optimal. 
Collection of baseline and training- related hormonal changes, with a 
comparison to the hormonal response in previous seasons, and the 
knowledge and experience of the past success may prove to be of a 
very significant relevance as well.  

The cortisol/testosterone ratio has been used frequently as an indi-
cator of the anabolic-catabolic balance. In the present study there was 
a significant decrease in this ratio along with increase in IGF-I and 
testosterone during tapering prior to the competition. The changes in 
this ratio were mainly due to the changes in testosterone since, as was 
seen previously (e.g. 25), there were no significant changes in cortisol 
during the training. In addition, cortisol levels were probably more 
affected by the overall stress and not by training intensity, as sugges-
ted by the significantly lower levels after the European champion-
ships. 

In summary, changes in the balance of anabolic and catabolic 
hormones during the training season may help elite athletes and their 
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coaches in their preparation for the competition. Further studies are 
needed, however, to clarify the optimal hormonal response and its 
relationship with the athlete’s performance.  
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