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The IGF-1/cortisol ratio as a useful marker for monitoring training

in young boxers
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ABSTRACT: Training effects on plasma insulin-like growth factor-1 (IGF-1)/cortisol ratio were investigated in
boxers. Thirty subjects were assigned to either the training or the control group (n=15 in both). They were
tested before the beginning of training (T0), after 5 weeks of intensive training (T1), and after 1 week of tapering
(T2). Physical performances (Yo-Yo intermittent recovery test level-1), training loads, and blood sampling were
obtained at TO, T1, and T2. Controls were only tested for biochemical and anthropometric parameters at T0
and T2. A significantly higher physical performance was observed at T2 compared to T1. At T1, cortisol levels
were significantly increased whereas IGF-1 and insulin-like growth factor binding protein-3 (IGFBP-3) levels
remained unchanged compared to baseline. At T2, cortisol levels decreased while IGF-1 and IGFBP-3 levels
increased. The IGF-1/cortisol ratio decreased significantly at T1 and increased at T2, and its variations were
significantly correlated with changes in training loads and Yo-Yo intermittent recovery test level 1 (IRT1)
performance over the training period. Cortisol variations correlated with changes in training load (r=0.64;
p<0.01) and Yo-Yo IRT1 performance (r=0.78; p<0.001) at T1 whereas IGF-1 variations correlated only with
changes in Yo-Yo IRT1 performance at T2 (r=0.71; p<0.001). It is concluded that IGF-1/cortisol ratio could be
a useful tool for monitoring training loads in young trained boxers.
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INTRODUCT ION

Boxing training is challenging as it requires high-intensity training
concomitantly to the management of body weight, which may inter-
fere with the improvement of physical performance [11. The improve-
ment of physical performance is also quite a sensitive approach that
requires a significant amount of high-intensity training with the risk
of being exposed to acute fatigue, overreaching, or even overtrain-
ing [2]. In this context, to avoid excessive fatigue or overtraining,
monitoring of training load and training outcomes is necessary. Sev-
eral monitoring methods have been used by coaches/sport scientists
to assess the physical training loads undertaken by athletes [3,4].

The most widely used method for evaluating internal training load
was the assessment of heart rate as a determinant of exercise inten-
sity [5]. However, this method presents several limitations for some
uses; for instance, its use for weight, interval, intermittent, and/or
plyometric training is questionable [3]. Recently, the session rating

of perceived exertion (RPE) method for quantifying training loads has
become a useful tool for both monitoring and optimizing training [3,
6]. This method is recognized as simple, practical and, more impor-
tantly, has been validated in several sport activities for different
applications [3, 41.

It is well known that physical exercise training is considered as a
powerful stimulus of corticotropic and somatotropic axes resulting in
diverse responses. In that regard, cortisol has been shown to be an
indicator of poor adaptation to training thus leading to performance
decrements and accumulation of fatigue, indicating a catabolic state
of the athlete [2]. Likewise, it has also been reported that cortisol
resting levels increase [7, 8], remain stable [9, 2] or even decrease [10]
over training programmes’ fluctuations. The effects of training on
somatotropic axis responses also showed controversial results. Indeed,
most studies reported an increase in plasma resting insulin-like growth
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factor-1 (IGF-1) levels during training [11]. Others report either no
changes [13] or even a decreased concentration of IGF-1 [12]. Sim-
ilarly, the conclusions concerning the effects of training programmes
on insulin-like growth factor binding protein-3 (IGFBP-3), which is
the main protein transporter of IGF-1, also present different out-
comes [12]. The decrease of its concentration is related to the increase
of training loads [12]. Schwarz [14], showed that, after 10 minutes
of low-intensity exercise, at first, the rate of IGF-1 and IGFBP-3 in-
creased over the pre-exercise baseline by 7.7 + 2.7% and 12.5 +
3.3%, respectively, then after 10 min of high-intensity exercise, the
rate of IGF-1 and IGFBP-3 increased over the pre-exercise baseline
by 13.3 + 3.2% and 23 + 6%, respectively [14]. However, among
adolescent volleyball players, after 1 hour of volleyball practice, there
were no significant changes in IGF-I and IGFBP-3 levels and only an
increase in growth hormone (GH) [12]. A study from our group
showed that elevated basal concentration of GH, IGF-1 and IGFBP-3
was observed in the high level training group after 18 months of
intensive training compared to controls [15]. These results confirm
those reported by Nebigh et al. [16], who showed that, in prepu-
bescent soccer-playing boys, IGF-1 and IGFBP-3 were higher than
in a control group [16].

Additionally, it has been well established that IGF-1 and IGFBP-3
circulating levels are regulated by several factors such as nutrition,
age, pregnancy, chronic diseases, insulin, and growth hormone,
amongst others [12]. Moreover, IGF-1 and IGFBP-3 represent good
markers of the athletes’ physical fitness, since positive correlations
have been found between IGF-1 and IGFBP-3 levels and maximum
oxygen uptake in several trained athletes, thus reflecting their ana-
bolic state [171].

Several authors have examined the anabolic/catabolic activity of
athletes during training. They suggested the testosterone/cortisol
ratio as a useful marker of this activity and an indicator of training
stress and fatigue [2, 8]. Nevertheless, no study has reported the
variation of IGF-1/cortisol ratio in boxers during training, which may
reflect the anabolic/catabolic activities of their organisms. Based on
these considerations, the aim of the present study was to investigate
the effects of training load variations on plasma IGF-1/cortisol ratio
in trained boxers, and to determine the usefulness of this ratio as a
possible marker of training load and performance.

MATERIALS AND METHO DS 15
Participants. Fifteen young male boxers and fifteen age- and puber-
ty-matched controls aged 14 to 16 years volunteered to participate
in this longitudinal design study. The physical characteristics of the
participants are presented in Table 1. Athletes were recruited from a
regional selection (the two largest boxing clubs in the country). Box-
ers had been practising their sport for at least 5 years with a mean
training schedule of 10-12 hours per week including combats. They
had a minimum of 3 years of competitive experience each in re-
gional and national tournaments. Athletes ranged in weight categories
from fly (over 49 kg to 52 kg) to bantam (over 52 kg to 56 kg) ac-
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cording to the Amateur International Boxing Association, Open Boxing
Competition Rules 2013. The control participants were
15 age- and puberty-stage-matched moderately active school students
performing no more than 2 h of school physical education weekly.
Before beginning experimental procedures, all participants and their
parents were given written information about the risks and benefits
of the study and signed written consent. The study was approved by
the Research Ethics Committee at the University of Medicine of Sousse,
Tunisia and was in accordance with the Declaration of Helsinki (1975).
Prior to taking part in this protocol, the participants were examined
by a physician to detect any medical disorders that might limit their
full participation in the investigation. None of the participants had
taken or planned to take any medication, supplements, exogenous
anabolic-androgenic steroids or any other substances expected to
affect hormonal balance during this study. Pubertal stages were
evaluated according to the Tanner classification [18] by the same
trained physician. Pre-pubertal children are children who were in
stage |, pubertal children are children who were in stages II-11l, post-
pubertal children are children who were in stages IV-V.

Experimental protocol

The present study was designed to determine the effects of an in-
tensive training programme, assessed by the session RPE method,
on hormonal and physical performance responses in young male
boxers. During the whole programme, training sessions were designed
and implemented by the boxers’ coaches with only measures and
no input from the researchers.

Anthropometric measurements, blood sampling, and physical
testing were performed three times at the National Center of Medicine
and Science in Sports, Tunis: (i) one day preceding the start of the
training programme (TO, reference value), (ii) after 5 weeks of intense
training (T1) and (iii) after 1 week of successive tapering (T2). Box-
ers did not have any intense training 2 days preceding each measure-
ment and had a resting day the day before. All measurements were
made by the same investigators.

Anthropometric measures

Body mass (also practically called weight) and height were measured
with calibrated devices (Tanita, Model, and Harpenden Portable
Stadiometer). The percentage of body mass fat was calculated using
the equation of Slaughter et al. [19] with triceps and subscapular
skinfolds using a clamp mark Harpenden caliper (Holtain Ltd Bry-
berian, UK).

Testing procedures

Physical tests included different aspects of physical fitness of boxing.
During the familiarization period of training, all physical testing was
performed on two occasions at least 72 h apart to establish test-retest
reproducibility. The choice and the setup of these tests were elabo-
rated by the coaches of these teams. Boxers performed the following
selected tests:
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1) Strength grip was determined on a calibrated handgrip dynamom-
eter with visual feedback (Harpenden Dynamometer, British
Indicators, Ltd. UK). The dynamometer was adjusted to each
subject’s hand using the dominant hand used for data analysis.
The best of three maximal trials with 1-min recovery in between
was used for analysis [20].

2) Aerobic fitness was evaluated three times during the training
period by the Yo-Yo intermittent recovery test level 1 (Yo-Yo IRT1)
according to the protocol described by Krustrup et al. [21] Brief-
ly, the subjects performed 2x20-m shuttle running bouts inter-
spersed with 10-second recovery until exhaustion at a progressive
speed dictated by calibrated pre-recorded audio cues. The result
of Yo-Yo IRT1, represented by the total distance covered, showed
an association with the general population’s maximum oxygen
intake. One week before the final measurements a pilot study
was conducted among 20 athletes in order to examine the reli-
ability of the field tests.

Training

The training programme performed by the experimental group rep-
resented the typical training programme usually performed by elite
boxers. The aim of this programme was to develop physical, techni-
cal, and tactical aspects of the fight before an upcoming competition.
Both training volume and intensity were relatively high; the weekly
training programme included 5-6 training sessions lasting 12 hours
approximately (5 days/week, ~2 hours/day). The boxers underwent
the training programme set by their team coaches, which consisted
of 25 sessions completed over 5 weeks. Their regular boxing training
consisted mainly of a repetitive series of short and intense exercises
involving various components within a boxing session. The exercises
proposed during the sessions were varied, including warm-up tech-
nical and tactical shadow boxing, sparring and/or sport-specific tac-
tical drills, sport-specific interval training, pad work, punching bag,
aerobic training, and individual technical skills. Boxers also performed
gym sessions that aimed at developing strength and explosive force
during the training programme.

Training load monitoring

The training load for the whole study period was assessed according
to the method of Foster et al. [3]. This method was used as a mea-
sure of the training session intensity. Each boxer's RPE was col-
lected ~15 minutes after the end of every training session. In this
study, as subjects were currently speaking French, a validated French
translation of the category-ratio CR-10 scale modified from Foster et
al. [21] was used. All boxers who participated in this study had been
familiarized with this scale for session RPE before the beginning of
the study. Additionally, the training monotony, with reference to ses-
sion RPE variables which represent the measure of day-to-day train-
ing variability, was calculated [23]. The mean training load and
monotony were also calculated during the 5-week intense training
for comparison with the 1-week tapering period.

Food intake assessment

To assess the adequacy of food intake, a 7-day consecutive dietary
record was maintained [11]. Both boxers and controls received a
detailed verbal explanation and written instructions on data collection
procedures. Participants were asked to continue with their usual
dietary habits during the period of diet recording, and to be as ac-
curate as possible in recording the amount and type of food and
fluid ingested. A list of common household measures, such as cups,
tablespoons, and specific information about the quantity in each
measurement (grams, cl), was given to each participant. Each indi-
vidual's diet was calculated using the validated Bilnut 4 software
package (SCDA Nutrisoft, Cerelles, France), a computerized database
that calculates food intake and composition from the standard refer-
ences of the National Institute of Statistics of Tunisia.

Blood sampling

Blood samples were collected three times (TO, T1, and T2) during
the study in order to assess hormonal variations during training. To
avoid any confounding effects of variations in circadian rhythm and
food intake on hormonal secretion, boxers and controls provided
blood samples when getting up in a fasted state (resting values, about
8:00 a.m.). Plasma cortisol measurement was performed in duplicate
single assay using commercially prepared RIA kits (GammaCoat [1?%]],
Diasorin, Stillwater, MN). The intra-assay coefficient of variation was
6%. Plasma total IGF-1 and IGFBP-3 were determined by immuno-
radiometric essay (Immunotech Kit, Marseille France). The intra- and
inter-essay coefficients of variation were 6.3 and 6.8% for IGF-1 at
serum concentration of 2 ng/ml, and 6.0 and 9.5 for IGFBP-3 at
serum concentration of 50 ng/ml, respectively.

Statistical analysis

Statistical tests were processed using the SPSS software statistical
package (SPSS Inc., Chicago, IL, version. 16.0). Mean and standard
deviation (SD) were calculated for the selected variables. The Sha-
piro-Wilk W-test of normality revealed that the data were normally
distributed. Once the verification of normality was confirmed, para-
metric tests were performed. One-way, repeated ANOVA tests were
performed to analyse the mean differences between the three train-
ing periods. If significant main effects were observed, a Bonferroni
post-hoc analysis was performed to pinpoint the difference. Effect
sizes (ES) were also calculated and reported according to Cohen [24]
[small: < 0.4, moderate: 0.4 t0 0.70, and large: > 0.70]. The test-
retest reliability was expressed by intra-class correlation coeffi-
cients (ICCs), and standard error of measurement (SEM). Statistical
significance was set at p<0.05.

RIS U LTS 150000000

Training load and monotony indexes significantly increased during
the intensive period (0.05<p<0.01) and significantly decreased
during the tapering period (p<0.01) (Figure 1). As shown in Table 1,
the boxers’ body composition was altered during the whole period,
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FIG. 1. Training loads (A) and monotonies (B) registered during the whole training period (intensive training and tapering periods).
*: superior to the precedent value; * p<0.05, ** p<0.01
£: inferior to the precedent value; ££ p<0.01.

TABLE I. Anthropometric, hormonal, and performance data of the study participants.

Controls £ n=15 Boxers + n=15

Parameters TO

T2 TO T1 T2
Age t yrs 14.7 £ 0.5 14.8 +0.6
Height (m) 1.65+0.04 1.64 +0.06
Puberty stage 45 +04 46+0.5
Weight (kg) 62.4+4.9 62.1+5.2 46.345.9 446+55% 448 £54*
BMI (kg-m?) 22.7+0.9 22.7+1.1 172+14 16.5+ 1,3 % 16.6 +1.3*
Fat mass (%) 28.8+3.4 28.7+4.2 16.45 £ 1.42 12.84 +1.13 % 12.31 £1,51 %
Fat free mass (kg) 445+4.6 44.6 +5.1 38.49+4.07 38.74 £4.10 ** 39.17 £4.08 **
Energy intake (kcal-d™") 2731+ 87 2697 + 100 2987 + 56 3007 + 66 2979 + 88
Carbo-Hydrates (%) 455+13 46.4+1.0 52.0+55 51.5+4.8 51.8+4.3
Lipids (%) 36.5+0.1 355+0.5 30.3+4.0 30.1+4.7 30.1+£5.2
Proteins (%) 18.0+0.3 18.1+0.4 17.7+1.8 18.4+1.1 18.2+1.3
Cortisol (ng-ml™") 50.7 £10.2 50.9 £ 10.6 50.4 £14.3 56.1 +16.8 ** 50.5 £ 14.0 £
IGF-1 (ng -ml™") 404.1 £59.9 402.7 £ 63.2 4376+ 115.6 443.0 + 116.0 488.4 + 113.9 **
IGF-1/Cortisol 8.1+0.9 79+1.2 9.4 +4.0 86+34 10.6 +4.6 **
IGFBP-3 (ng - ml™) 3646.7 +781.2 3652.2 + 659.7 3751.7 £ 760.5 3997.4 +783.9 4304.7 £ 833.4 **
Hand grip Force (kg) 29.75+4.81 28.83 +4.88 £ 31.20+4.81*
Yo-Yo IRT1 performance (m) 1333.3 £57.9 1281.3 £ 59.7 £ 1389.3 + 57.5 **

Note: IGF-1: insulin-like growth factor-1; IGFBP-3: insulin-like growth factor binding protein-3; Yo-Yo IRT1: Yo-Yo intermittent recovery test level 1;
TO: before training; T1: after 5 weeks of intensive training; T2, after one week of tapering consecutive to intensive training *: superior to the precedent
value; * p<0.05, ** p<0.01; £: inferior to the precedent value; £ p<0.01. Values are given as the mean + SD.
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especially the body fat percentage, which decreased at T1 (21.9%,
p<0.001, ES=2.9) and at T2 (25.2%, p<0.001, ES=0.50).

The reliability of hand grip (ICC=0.96, SEM=0.33) and Yo-Yo
IRT1 (ICC=0.99, SEM=9.57) were high. The hand grip performance
decreased at T1 (-3.1%, p<0.01, ES=0.42) and increased at T2
(+8.2%, p<0.01, ES=0.51). Likewise, the Yo-Yo IRT1 distance
decreased at T1 (-3.9%, p<0.01, ES=1.98) and increased at T2
(+8.4%, p<0.01, ES=1.91).

The plasma cortisol, IGF-1, and IGFBP-3 levels were different for
both periods (Table 1). Plasma cortisol levels significantly increased
atTl (+11.3%, p<0.01, ES=0.38) and significantly decreased at
T2 (-10.0%, p<0.01, ES=0.37). However, plasma IGF-1 and
IGFBP-3 levels remained stable at T1 and significantly increased at
T2 (+11.6%, p<0.01, ES=0.46 for plasma IGF-1 and +12.8%,
p<0.01, ES=0.29 for IGFBP-3). The IGF-1/cortisol values signifi-
cantly increased at T2 (+14.7%, p<0.01, ES=0.72). No changes
were observed in biochemical and anthropometric parameters in
control subjects. Likewise, food intake and macronutrient proportions
showed no changes throughout the study in both groups.

As summarized in Table 2, the changes in IGF-1/cortisol ratio
were correlated with changes in training loads and Yo-Yo IRT1 per-
formance during the training programme. The changes in cortisol,
IGF-1 and IGFBP-3 were related to changes in training loads and
Yo-Yo IRT1 distance either during the overload period or during the
tapering period. At T1, the changes in IGF-1/cortisol ratio were cor-
related with the percentage changes in Yo-Yo IRT1 distance (r=0.73,
p<0.01) and with the mean training load registered during this in-
tensive training period (r=0.76, p<0.01). After 1 week of reduced
training load, the changes in IGF-1/cortisol ratio was correlated with

the percentage changes in Yo-Yo IRT1 distance (r=0.74, p<0.01)
and with the variations of training loads (r=0.60, p<0.01). Chang-
es in percentage of plasma cortisol levels during the intense period
were correlated with the percentage changes in Yo-Yo IRT1 distance
(r=0.78, p<0.001) and the mean training load registered during
this intensive period (r=0.64, p<0.01). However, the percentage
change in cortisol was only related to changes in training load reg-
istered at T2 (r=0.65, p<0.01). Finally, the percentage changes in
IGFBP-3 and IGF-1 were only correlated with the percentage chang-
es in Yo-Yo R1 distance registered at T1 and T2, respectively (r=0.51,
p<0.05 and r=0.71, p<0.01, respectively).

DISCU'S S 1O N 15
In the present study the variations in IGF-1/cortisol ratio were cor-
related with both performance and training load variations over the
whole training period in the studied young boxers. Moreover, cortisol
and IGF-1 variations were also correlated with the changes of per-
formance and training load during the intensive training period and
the taper period.

Exercise training is considered as an intense task incorporating
both physiological and psychological demands leading to an overall
physiological response of the athlete’s organism in reaction to stress-
es. The responses of gonadotropic and corticotropic axes to the stress
generated by training have been well documented [6, 2]. The balance
between these two hormonal axes is usually assessed by the testos-
terone/cortisol ratio, which reflects the organism anabolic/catabolic
state of the athletes during training [6, 2]. However, both testoster-
one and cortisol are characterized by pulsatile release and rapid
clearance. Accordingly, having a single point of hormonal sampling,

TABLE 2. Correlations between changes in percentage of measured parameters over the intense training (T1 vs TO = 5 weeks) and the

tapering (T2 vs TO = 1 week) periods in boxers.

T1vs TO Cortisol IGF-1 IGF-1/cortisol IGFBP-3 %ﬁgﬁg;ﬂe of inten'\gl';raining
Correlations
Cortisol 1 0.07 - 0.24 0.78 ** 0.64 **
IGF-1 1 - 0.39 0.1 0.35
IGF-1/Cortisol 1 0.13 0.73 ** 0.76 **
IGFBP-3 1 0.51* 0.13
Yo-Yo IRT1 performance 1 0.41
MTL of intense training 1
T2vs TO Cortisol IGF-1 IGF-1/cortisol IGFBP-3 pzr?fgom;ﬂe of ta-rl;lt_ering
Correlations
Cortisol 1 0.10 - 0.13 0.10 0.65 **
IGF-1 1 - 0.15 0.71** 0.38
IGF-1/Cortisol 1 0.13 0.74 ** 0.60 **
IGFBP-3 1 0.30 0.18
Yo-Yo IRT1 performance 1 0.38

TL of tapering

1

Note: IGF-1: insulin-like growth factor-1, IGFBP-3: insulin-like growth factor binding protein-3, MTL: mean of training load, TL: training load.

* p<0.05, ** p<0.01.
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without an understanding of the underlying basic pattern, may not
provide an accurate depiction of endocrine activity [22, 25]. In this
context, the somatotropic or growth hormone-IGF-1 axis may also
respond to an imposed training stress. This axis is important and is
in relation to the metabolic supply when energetic demand is in-
creased as in sports training and performance. Several investigations
have studied the IGF-1, which is a hepatic relay of GH action having
a linear production and a longer half life (~6 h) than GH, also rep-
resenting an integration of the changes in GH concentrations. Thus,
the study of the balance between the corticotropic and the somato-
tropic axes during training could provide information on the adapta-
tion of the athletes’ organisms during training. Accordingly, Hug et
al. [26] have suggested that IGF-1/cortisol ratio might be a useful
parameter in the early detection of an imbalance between anabolic
and catabolic metabolism in the same way that free testosterone/
cortisol ratio might be.

Several studies have examined the effect of training programmes
on cortisol levels. They showed that high-intensity exercise training
causes an increase of cortisol hormone [27, 7]. This increase sup-
ports the catabolic state which may be partially responsible for the
observed decrease in physical performances. In the present study,
the subjects were deliberately overreached by their coaches by in-
creasing resistance training, endurance and boxing specific skill train-
ing workloads over a 5-week period. Training load was progres-
sively increased during the 5-week overload period by increasing
training frequency and duration, which led to a reduction in Yo-Yo
IRT1 distance, thus reflecting impaired aerobic fitness of the athletes.
These results are in agreement with previous research that showed
a decrease in physical performance following an increased training
load in endurance training athletes [28], swimmers [29] and rugby
players [6, 2]. The decreased Yo-Yo IRT1 performance following the
B-week intense training in the present study may be due to a number
of physiological and biochemical factors such as reduced muscle
glycogen levels, increased muscle damage, or simply acute fatigue
diminishing the ability to perform maximal efforts [6]. The relation-
ships found between the variations of cortisol and those of training
load and Yo-Yo IRT1 performance during this training period may
show that the boxers were in a catabolic state with possible elevat-
ed levels of muscle damage when the Yo-Yo IRT1 performance was
found to be reduced [2]. Similar conclusions have been previously
advanced by Coutts et al. [6] in Australian high level rugby players
during 6 weeks of intense training. This catabolic state during the
overload training period was confirmed by the lower IGF-1/cortisol
ratio. Therefore, this ratio could be considered an indicator of a state
of tiredness generated by the increase in training load leading to a
possible catabolic state. Indeed, the relationships found between
changes in IGF-1/cortisol and the training load and Yo-Yo IRT1
variations confirm this hypothesis.

Conversely, the IGF-1 and IGFBP-3 levels remained unchanged
during the overload period. It was reported that circulating IGF-1
and its binding protein IGFBP-3 decrease during intense training

Nassib S et al.

programmes [12]. However, Nindl et al. [301] have recently reported
unchanged IGF-1 and IGFBP-3 levels despite fitness improvements
after eight weeks of resistance, aerobic, and combined exercise train-
ing in young healthy women. They concluded that locally produced
IGF-1 may be of greater relative importance than endocrine-derived
IGF-1. Thus, the unaltered IGF-1 and IGFBP-3 levels observed in
the present study during the intense training could be supported by
the conclusions of Nindl et al. [30].

The cortisol, IGF-1, IGFBP-3 and IGF-1/cortisol ratio values var-
ied differently during the taper period with respect to the intense
training period. The cortisol level decreased and returned to basal
values while IGF-1 and IGFBP-3 increased, resulting in a higher
IGF-1/cortisol ratio. The return of cortisol levels to basic values ob-
served during this period could represent a homeostasis state [31].
Accordingly, Bonifazi et al. [27] found in elite male swimmers that
a decrease in plasma cortisol was related to improvements in per-
formance. In accordance with these findings, we assume that the
decrease in cortisol level was associated with an improved Yo-Yo
IRT1 performance. In addition, the increase of IGF-1 and IGFBP-3
levels, which reflect the anabolic state generated by the adaptation
of the boxers’ organisms during the taper period, confirms this hy-
pothesis. In this context, studies have shown that some physical
activity levels that are too intense could cause a prolonged reduction
of IGF-1 levels [32, 12, 20] while regular exercise without excessive
load, during training, induces chronic increased levels of this hormone
[13]. Additionally, some studies have found significant positive cor-
relations between fitness and circulating IGF-1 levels [13, 17]. Such
a correlation indicates that fitness and exercise in various populations
are associated with increased activity of the somatotropic axis, fa-
vouring an anabolic state. Indeed, a relationship between the IGF-1
variations and the Yo-Yo IRT1 performance changes was found dur-
ing the taper period in the present study. This conclusion was con-
firmed by an increase of IGF-1/cortisol ratio and the relationship
observed between the changes in this ratio and the changes of both
training load and Yo-Yo IRT1 distance.

Thus, the IGF-1/cortisol ratio, which may reflect the anabolic/
catabolic state of young boxers’ organisms, could be a sensitive
marker of training load and physical performance variations. We
therefore conclude that IGF-1/cortisol ratio could be considered as
a useful and sensitive marker for training monitoring and performance
responses. However, further studies are warranted to strengthen the
contribution of the IGF-1/cortisol ratio in the monitoring and the
follow-up of training in several athletic populations during longer
training periods.

CONCLU S| O /N S 1500000000000
It is concluded that IGF-1/cortisol ratio could be a sensitive marker
of training monitoring and physical performance variations. Moreover,
this ratio might be a useful indicator of athletes’ organism anabolic/
catabolic status helping to prevent possible states of acute fatigue
and/or overtraining. Along with the reviews of the literature, these

20 .
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novel findings in boxers provide a new viewpoint for examining, in-
terpreting and utilizing hormones in sport science research and prac-

tice, with possible implications and applications for understanding
and improving human health and sport performance.
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