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Abstract

The effect of two soccer-training seasons on the growth, devel-
opment and somatotype hormone concentrations of elite youth
soccer players were evaluated. Eighteen elite soccer players and
18 age-matched non-athletic control subjects participated in the
study. Anthropometric-measurements, aerobic and anaerobic
performance tests and serum concentrations of insulin-like
growth factor-1 (IGF-1), insulin-like growth factor binding
protein-3 (IGFBP-3), and growth hormone (GH) were assessed
at 5 time points across two competitive seasons. Soccer players
revealed higher GH, IGF-1 and IGFBP-3 than the control group
across all-time points. Significant moderate correlations were
observed only in soccer players between hormonal concentra-
tions (IGF-1 and IGFBP-3) and the jumping tests (r = 0.45-0.48;
p < 0.01). Somatotropic axis hormones, anthropometric and
physical parameters increased to a greater degree with growth
and soccer training combined compared to growth alone. Results
from this investigation revealed that intense training did not
impair growth or development in these young soccer players
across 2-year period.

Key words: Football, Exercise, Training, Hormones, Growth
hormone.

Introduction

Physical activity plays an important role in the bone
health (Mackelvie et al., 2002) and overall growth and
development of children (Roemmich et al., 2001). The
effectiveness of exercise-training on performance and
physical adaptation depends on the training load and on
the individual’s ability to adapt to training. Too little or
too much training will have relative impact on the desired
physical, mental and performance outcomes. Therefore,
finding objective measures to quantify the balance be-
tween training load and athlete's tolerance is essential.
Intensive sports training and competition are often associ-
ated with endocrine deficiencies in adult men (Tanskanen
et al., 2011). In young athletes, the stress of intense physi-
cal training, combined with calorie restriction, can alter
cellular homeostasis and the normal pattern of pubertal
development (Adiyaman et al., 2004; Roemmich et al.,
2001). The long term benefit from intense training in
adolescents and the mechanisms for how intense exercise
training may affect tissue anabolism without taking into
account the normal growth are not well known (Roem-

mich et al., 2001). The impact of strenuous exercise on
the pubertal development of child and adolescent athletes
in several sports is still not well understood.

Normal growth in children and adolescents is regu-
lated to a great extent through the actions of the growth
hormone/insulin-like growth factor-I (GH/IGF-I) axis
(Adiyaman et al., 2004). Physical exercise plays an im-
portant role in the regulation of the GH/IGF-I axis by
increasing GH secretion (Kanaley et al., 1997; Kraemer
and Ratamess, 2005). Literature data concerning the ef-
fect of training on GH response to exercise training are
mixed. In over-trained athletes, endogenous GH produc-
tion is suppressed, exercise tolerance is reduced and per-
formance is decreased (Schmikli et al., 2012). Therefore,
the GH response to exercise is complex and appears to be
affected by many variables (eg, exercise-type, intensity,
duration, age...).

The effects of physical training on IGF-1 respons-
es remain incompletely understood. Some investigations
have found that endurance-training increased IGF-1 circu-
lating levels (Maimoun et al., 2004), whereas other au-
thors have reported a decrease (Eliakim et al., 1998).
Moreover, acute exercise and exercise-training have been
reported to increase IGFBP-3 (Di Luigi et al., 2001).
Divergent results concerning GH, IGF-1 and IGFBP-3
may be explained by differences in exercise-type, intensi-
ty and duration as well as the subject’s training level,
dietary status, body composition, and age.

Soccer is the most popular sport in the world, es-
pecially among children and adolescents. Optimizing the
physical potential of young soccer players is one of the
main objectives of youth soccer academies. Indeed, elite
soccer players must be prepared to perform and sustain
high-load training. The most important variables for
measuring performance in soccer are physical fitness and
technical and tactical performance (Rdsch et al., 2000).
The physical fitness of soccer players is usually measured
in terms of endurance, speed, power, and strength (Hoff,
2005). It is relatively easy to test the physical fitness of
young players, but it is a more challenging task to differ-
entiate between the adaptations of soccer training and
growth-mediated development (Vénttinen et al., 2011).

Some cross-sectional studies have demonstrated
that soccer practice induces positive hormonal adaptations
(Mejri et al., 2005; Vénttinen et al., 2011). However,
effects of long-term intense soccer training on the adapta-
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tions of GH/IGF-I axis are very scarce. To the best of our
knowledge, only one study examined the effects of in-
tense soccer training over a competitive season on hor-
mones related to growth. Mejri et al. (2005) observed, in
young adult soccer players (19 years of age), that soccer
training decreased exercise-stimulated GH levels
throughout the competitive season, but did not have any
effect on basal IGF-1 and IGFBP-3 levels. However, this
study had subjects at the end of adolescent growth and
they did not include a control group to differentiate exer-
cise training from normal growth (Bouix et al., 1997).

To the best of our knowledge no longitudinal in-
vestigation (more than 1-yr.) has studied the impact of
intense exercise training in elite adolescent soccer players
on markers of growth and development. Therefore, the
purpose of this study was to compare changes in growth
related hormones (GH, IGF-1 and IGFBP-3) between elite
youth soccer players belonging to youth national team and
non-athletic controls over a 2-year period. We hypothe-
sized that intense soccer-training would elicit greater
physical, hormonal and physiological changes than just
growth alone.

Methods

Participants

Thirty-six adolescent boys were recruited to participate in
our study. Eighteen were residents at the youth academy
of elite soccer players (age: 14.5 + 0.4 years at the start of
the study) and were members of the U-17 national team.
These athletes were preparing for the U-17 Championship
of African Nations which is a qualifier for the world cup.
This group of elite players were selected from among 800
young male soccer players from six regional centres of
football throughout Tunisia. The criteria used for selec-
tion was based on technical tests and physical fitness
parameters. They had been playing soccer, in addition to
their school physical education, for 11 months of the year,
for at least 5 years, at a rate of 5 practice sessions and one

competitive game per week. In general, soccer training
sessions lasted

~1.5 hours, with about 15-20 min of warm up consisting
of low-intensity games and stretching exercises, 15-25
min of technical soccer exercises (kicking, dribbling,
jumping, and running with fast accelerations and decel-
erations), 20-30 min of match practice, and 10-15 min of
active recovery.

Eighteen subjects (age: 14.3 £ 0.3 years at the be-
ginning of the study) were assigned to the control group
(non-athletic boys). They participated only in the compul-
sory physical education curriculum at school (two weekly
sessions of 50 min). Individuals in the control group were
randomly chosen from nearby schools, were healthy and
were representative of the general population. Written
informed consent was obtained from the parents of each
subject before the study, and the study was approved by
the Ethical Committee on Human Research of the Univer-
sity of Manouba, Tunisia.

Experimental design

The experiment was conducted over five time-points for
both soccer players and the control group (Figure 1).
Testing was conducted over 2 days. On both testing days,
all subjects performed the identical standardized 15 min
warm-up consisting of low-intensity running, a series of
dynamic stretching exercises (high knee lifts, butt kicks,
straight line skipping, etc.) and short accelerations. On the
first test day, subjects performed a squat jump, counter
movement jump using arms, a 5 consecutive jump test
and a 30m sprint. On the second testing day, the subjects
performed a Yo-Yo Intermittent Recovery Test - Level 1

Q).

Puberty stage assessment

Puberty (Tanner) stage was determined and recorded by a
pediatrician experienced in the assessment of secondary
sex characteristics according to the method of Tanner
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Figure 1. Study design: The experiment time-points for both soccer players and control groups. TO: first test; T1: second test; T2:
third test; T3: fourth test; T4: fifth test
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(1975). It was determined that all subjects were at Tanner
stage 2-3 at the beginning of the study and 2 years after
they attained Tanner stage 4 and 5.

Anthropometric characteristics

Each participant came to the laboratory for a medical
examination and anthropometric measurements performed
by a pediatrician at each time period (TO, T1, T2, T3 and
T4). Body height and body mass were measured with
standard techniques to the nearest 0.1 cm and 0.1 kg,
respectively for each subject. To estimate the adiposity,
skin-fold thickness was measured at four sites (triceps,
biceps, subscapular and suprailiac) (During and Web-
ster., 1985) using a Harpenden skin-fold calliper (British
Indicators Ltd., Luton) . All measurements were taken in
the morning between 07:30 and 08:30 am by the same
investigator for all time periods.

Physical fitness characteristics

Vertical Jump: Each subject performed three maximal
jumps of the following type: 1) a squat-jump (SqJ), start-
ing with knees bent at 90° and without previous counter
movement; 2) a counter-movement-jump (CMJ), starting
from a standing position allowing for counter movement
with the intention of reaching knee bending angles of
around 90° just before propulsion; and 3) a five-jump-test
(5)), consisting of 5 consecutive long jumps. There was a
I-minute rest period between jumps and jump types. The
ground reaction force generated during these vertical
jumps was measured with an ergo jump (Opto Jump Mi-
crogate - ITALY) and converted to jump height (cm). The
best (highest) jump of each type was used for analysis.

Running speed test: The participants performed
three maximal 30-m sprints, measured with an infrared
photoelectric cell (Cell Kit Speed Brower, USA). During
the 3-minute recovery periods in-between sprints, the
participants walked-back to the starting line and then
waited for the next sprint. The participants commenced
the sprint from a standing start, 0.5 m behind the first
timing gate. Stance for the start was consistent for all
participants. The best (fastest) 30-m sprint time was se-
lected for analysis. The results show that these tests were
highly repeatable: 30-m sprint (intra-class correlation)
(ICC = 0.96), SJ (ICC = 0.93), CMJ (ICC = 0.90), 5-]
(ICC =0.89).

Endurance performance: The Yo-Yo Intermittent
Recovery Test Level 1 (YYIRTI1) was used to estimate
maximal oxygen consumption (VOazma) (Bangsbo, 1994;
Bangsbo et al. 2008). Briefly, the YYIRTIconsisted of
repeated 20m runs back and forth between the starting,
turning, and finishing line at a progressively increased
speed controlled by an audio metronome from a calibrated
CD player. The subjects had a 10-s active rest period
(decelerating and walking back to the starting line) be-
tween each running bout. When the subjects failed twice
to reach the finishing line in time, or decided that they
could no longer run at the imposed pace, the total distance
covered was recorded. VOimax Was estimated from the
equation. VOomax (ml/kg/min) = YYIRTI1 distance com-
pleted (m) x 0.0084 (ml/kg/min)/m + 36.4 ml/kg/min
(Bangsbo et al. 2008). All tests were conducted by the

same investigators, scheduled at the same time of day,
carried out in the same order and using the same appa-
ratus at each period as to retain maximum amount of
validity and levels of reliability. All jumping tests were
performed on a concrete surface with the players wearing
running shoes, whereas the running speed test and the Yo-
Yo IRT Level 1 tests were performed on a soccer pitch
with the players wearing soccer cleats. Each player was
instructed and verbally encouraged to provide maximal
effort during all tests.

Blood analysis

Blood samples were drawn from all participants at each of
the five testing periods, during the same week as the
physical tests and anthropometric measurements. Blood
samples were taken between 7:00 and 8:30 am following
an overnight fast. The blood samples were centrifuged for
10 minutes at 4°C and 3000 rpm and the extracted serum
was stored frozen at - 80°C until analysis. Growth hor-
mone (GH) was measured by a sensitive chemilumines-
cent assay (Immulite, Diagnostic Products Corp., Los
Angeles, CA, USA). Inter-assay coefficient of variation
(CV) was 5.7-10% and the intra-assay CV was 4.9-8.3%.
Assay sensitivity was 0.1 ng/ml. Serum concentrations of
total insulin-like growth factor-1 (IGF-1) were measured
using the Non-Extraction Insulin-Like Growth Factor-1
IRMA Kit (Diagnostic Systems Laboratories, Webster,
TX, USA). The sensitivity, or minimum detection limit,
was 2 ng/ml. The inter-assay coefficients of variability
(CVs) were 7.4 and 4.2%, respectively, for concentrations
35.5 and 383.9 ng/ml. The inter-assay CVs were 7 and
3.9%, respectively, for the mean concentrations 34.0 and
373.9 ng/ml. Serum concentrations of total insulin-like
growth factor binding protein-3 (IGFBP-3) were estimat-
ed using the Non-Extraction Insulin-Like Growth Factor
Binding Protein-3 (IGFBP-3) Immunoradiometric Assay
Kit (Diagnostic Systems Laboratories, Webster, TX,
USA). The minimum detection limit was approximately
0.5 ng/ml. The intra-assay CVs were 1.8 and 3.9%, re-
spectively, for the mean concentrations 82.7 and 7.4
ng/ml. The inter-assay CVs were 1.9 and 0.6%, respec-
tively, for the mean concentrations 76.9 and 8.0 ng/ml.

Statistical analysis

Results are expressed as means + standard deviations
(SD). An analysis of variance (ANOVA) with repeated
measures was used to check significant differences be-
tween groups and across time points in anthropometric
and physical parameters and hormonal concentrations
(SPSS for Windows, version 16.0; SPSS Inc, Chicago).
Significant differences were assumed when p < 0.05. All
variables used in the study were checked for normality of
distribution before the analyses (Kolmogorov-Smirnov
tests). After confirming significant group differences over
time, Newman-Keul’s test post hoc was performed. The
reliability of each test was assessed by intra-class correla-
tions (ICCs). The correlations between independent vari-
ables (GH, IGF-1, IGFBP-3) and the dependent variables
(physical performances) were determined by simple re-
gression. Effect size was calculated to document the size
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of the statistical effects observed and defined as small for
r > 0.1, medium for r > 0.3, and large for r > 0.5. The
magnitude of the effect for the correlations was deter-
mined using the modified scale as proposed by Hopkins: r
< 0.1, trivial; 0.1-0.3, small; > 0.3-0.5, moderate; > 0.5—
0.7, large; > 0.7-0.9, very large; > 0.9, nearly perfect; and
1 perfect (Hopkins, 2009).

Results

The anthropometric data of the soccer players and control
group are summarized in Table 1. Significant differences
(p < 0.01) are observed concerning weight, height and %
of body fat measurements between soccer players and the
controls.

Results show changes in anthropometric parame-
ters (weight, height and % body fat) for soccer players
and the control group throughout the various time periods:
TO-T1 (first follow-up period); T1-T2 (second follow-up
period); T2-T3 (third follow-up period); T3-T4 (fourth
follow-up period) and TO-T4 (Total follow-up period).
For soccer players, the change values (A) are statistically
significant for height and weight (p < 0.01). However, for
% body fat, significant differences are only observed in
total period TO-T4. For control subjects, significant dif-
ferences of the A are observed for most of the follow-up
periods for height and weight, but there are no significant
changes in % body fat for any time period.

The results for the physical fitness testing parame-
ters (CMJ, SqJ, 5J, 30m Sprint, YYIRT (m) and estimated
VO2max) in soccer players compared with the control
group during each time period are presented in Table 2.

The results demonstrate that most of the A differences
were significantly greater for young soccer players com-
pared with controls. Over the Total period (T0-T4) signif-
icantly greater changes are observed in the soccer players
compared to controls for all parameters (Table 2). At T4,
regression analysis showed significant correlations be-
tween FFM and CMJ (r = 0.47, p < 0.05, moderate), SqJ
(r=0.57,p <0.01, large) and 5J (r = 0.42, p < 0.05, mod-
erate) for soccer players only.

Table 3 shows that the hormonal concentrations of
GH, IGF-1 and IGFBP-3 of the soccer players are signifi-
cantly higher than those of the control subjects at all the
assessment periods (p < 0.001). Similarly, results showed
that the ratio IGF-1/IGFBP3 is significantly (p < 0.001)
higher in soccer players compared to the control group at
all five evaluation sessions. Figure 2 (A and B) shows the
change in GH in young soccer players (Figure 2A) and
the control group (Figure 2B). Significant GH increases
are observed in soccer players during all the time periods
(p < 0.01). However, no significant changes are recorded
for the control group (B). Figure 2 (C and D) illustrates
the change in IGF-1 for soccer players (Figure 2C) and
the control subjects (Figure 2D). Significant changes are
observed from baseline for the soccer players during all
time periods (TO-T1, TO-T2, TO-T3) (p < 0.01). Similarly,
significant differences are observed across all periods for
the soccer players (T1-T2; T2-T3; T3-T4 and T0-T4) (p <
0.01). For control subjects, significant differences are
observed only in IGF-I at TO-T1 and for the total time
period (T0-T4) (p <0.05) (B). The changes in IGFBP-3 in
young soccer players and controls are represented in
Figure 2 (E and F). During the different time periods,

Table 1. Anthropometric characteristics of soccer players and control subjects determined during two-soccer

seasons (mean=SD).

Measurements Soccer players (n=18) Controls (n=18) P Values A
TO 70.1£53 53.5+12.1 0.001 16.6**
T1 66.6 +5.5 53.1+£11.9 0.001 13.5%*
Weight (kg) T2 67.9+53 54.7+11.7 0.001 13.2%*
T3 68.7+54 559+123 0.001 12.8%*
T4 70.3+£5.1 572+11.3 0.001 13.1%*
TO 175.1+3.3 167.9 £ 9.1 0.01 7.2%
T1 176.2 £3.6 169.1 +7.9 0.01 7.1%
Height (cm) T2 178.5+3.6 171.6 £ 8.7 0.001 6.9%
T3 181.7+3.8 172.1 £ 8.5 0.001 9.6%*
T4 184.6 £ 3.7 173.5+9.1 0.001 11.1**
TO 123 +2.8 17.7+2.6 0.01 -5.4%
T1 11.8+2.6 16.4+£2.8 0.01 -4.6*
%Body fat T2 11.1+2.1 16.8£2.9 0.01 -5.7*
T3 10.5+1.2 16.5+2.7 0.001 -6.0%**
T4 102+ 1.8 16.9+2.3 0.001 -6.7*%*
TO 8.6+1.8 95+1.8 0.01 -0.9*
T1 79+1.9 8.7+ 1.7 0.01 -0.8*
Body fat (kg) T2 75+1.7 92+1.8 0.01 -1.7%
T3 72+1.9 92+1.7 0.01 -2.0%*
T4 72+18 97+1.8 0.01 -2.5%
TO 61.5+1.7 44,0+ 1.8 0.001 17.5%*
Lean body T1 587+1.9 444+ 14 0.001 14.3**
mass (kg) T2 604+14 455+1.9 0.001 14.9*
T3 61.5+1.7 46.7 £ 2.1 0.001 14.8**
T4 63.1+1.8 475+1.5 0.001 15.6%*

A : difference between groups; TO: First Test in October 2008; T1: Second Test in February 2009; T2: Third Test in May
2009; T3: Fourth Test in November 2009; T4: Fifth Test in May 2010; Significant differences between soccer players and

control subjects. * p<0.01 ; ** p <0.001.
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significant changes are observed in young soccer players and 5J (r = 0.47, p < 0.01, moderate) for soccer players at
(Figure 2E) for TO-T1, TO-T2 and TO-T3 (p < 0.01) and  TO. Similar correlations are recorded between IGFBP-3
T1-T2, T2-T3, T3-T4 and TO0-T4 (A). For the control and the same physical parameters (CMJ, SqJ and 5J) for
group (Figure 2F) significant differences are observed (p  young soccer players compared to control subjects at T4.
< 0.01) in IGFBP-3 only at TO-T1 and following the final = No significant relationship is observed between IGFBP-3
phase of the longitudinal study (T0-T4) (B). and any physical parameters for the control group at TO

Results show that IGF-1 is significantly correlated  and T4. In addition, no significant correlations were found
with the FFM (r = 0.46, p < 0.05, moderate), CMJ (r = Dbetween GH and physical performances for either group
0.49, p < 0.05, moderate), SqJ (r = 0.58, p < 0.01, large) at any time point. However, results show that IGF-
and 5J (r = 0.52, p < 0.01, large) for soccer players at T0.  1/IGFBP-3 ratio is significantly correlated with the CMJ
In addition, at T4 the same significant correlations are (TO: r = 0.47, p < 0.05 and T4: r = 0.49, p < 0.05), SqJ
observed between IGF-1 and the same physical parame- (TO0: r = 0.59, p < 0.01, large and T4: r = 0.57, p < 0.01,
ters (CMJ, SqJ and 5J). Regression analysis showed sig-  large) and 5J (TO: r = 0.47, p < 0.01, moderate and T4: r =
nificant correlations between IGFBP-3 and CMJ (r = 0.49, p < 0.01, moderate) for soccer players only (Table
0.45, p < 0.05, moderate), SqJ (r = 0.58, p < 0.01, large)  4).

Table 2. Changes in physical fitness parameters of soccer players and control subjects determined during two-soccer seasons
(mean = SD).

Variables CMJ (cm) SqJ (cm) 5J (cm) 30m (s) YYIRT (m) VO2max (ml/kg/min)
Groups SP C SP C SP C SP C SP C SP C
T0-T1 3.18 %% 0.89¢£ 1.89** 0.31£ 1.35** 043*¢ -0.03 -0.03 769 ** 21€£  537**  0.11£
T1-T2 227**%  1.51*€  1.38*  0.93¢ 0.38 0.40 -0.04 -0.01 355% 89¢ 2.38* 0.04£
T2-T3 535** 091£ 3.40* 0.69¢ 0.59* 0.65* -0.16¥ -0.05£ 235%* 79¢ 1.17*% 0.59¢
T3-T4 217 **  1.15£ 0.37*  0.49*%€ 1.28** (0.57% -0.05 -0.06 271 ** 11£ 1.86 ** 0.63£
T0-T4 12.66%* 3.78%*£ 6.98 ** 1.43 **£ 277 ** 1.17**£ -0.29%* -0.17**£ 1119 ** 179**£ 847 ** 141 **¢
CMJ, countermovement jump; SqJ, squat jump; 5J, highest of five consecutive jumps; 30m, 30-m sprint; YYIRT, distance covered in
the Yo-Yo Intermittent Recovery Test - Level 1; VOamax, maximal oxygen consumption; SP, Soccer player; C, Controls; Significant
differences in change between time points * p < 0.01, ** p < 0.001. Significant differences in change between soccer players and
control subjects £: p <0.01

Table 3. Hormonal Concentrations (GH, IGF-1 and IGFBP3) of soccer players and control subjects determined dur-
ing two-soccer seasons (mean = SD).

Measurements Soccer players (n=18) Controls (n = 18) P Values A
TO0 1.69 +£0.44 1.19 £ 0.90 0.01 0.50*
T1 2.07 +0.48 1.15+0.62 0.01 0.92%
GH (nmol/L) T2 2.62+0.41 1.39+0.67 0.001 1.23%%*
T3 2.70 + 0.43 1.25+0.55 0.001 1.45%*
T4 2.02 +0.47 1.05+0.58 0.01 0.97*
TO 765.35 £62.71 455.95+71.29 0.001 309.4%*
IGF-1 T1 847.95 +38.02 515.70 £ 61.56 0.001 332.25%%*
(nmol/L) T2 914.20 + 34.68 523.75 £+ 58.87 0.001 390.45%%*
T3 970.60 + 34.45 552.90 = 80.91 0.001 417.7%*
T4 851.65+43.97 396.55 £ 95.78 0.001 455.10**
TO 45.75+5.36 38.11 £3.09 0.001 7.64%*
T1 49.35+4.52 4170 +£2.12 0.001 7.65%*
zﬁﬁ(l:};::; T2 51.30 £3.77 42.15+3.24 0.001 9.15%*
T3 55.70 £5.84 43.45 £ 4.55 0.001 12.25%*
T4 57.55+5.86 42.00 £5.54 0.001 15.55%%*
TO 16.72 £3.29 11.96 £ 3.64 0.001 4.76%*
T1 17.18 £3.64 12.36 £3.12 0.001 4.82%*
IGF-1/IGFBP3 T2 17.82 +3.68 12.42 £2.96 0.001 5.4%*
T3 17.42 £3.22 12.72 £2.58 0.001 4. 7**
T4 14.79 £2.82 9.44 +2.75 0.001 5.35%%*

GH, growth hormone; IGF-1, insulin-like growth factor-1, IGFBP3, insulin-like growth factor binding protein-3; TO: first
test; T1: second test; T2: third test; T3: fourth test; T4: fifth test. Significant differences between soccer players and control
subjects * p <0.01 ; ** p <0.001

Discussion season follow-up. Specifically these changes were mainly
seen between TO and T4. These differences can mainly be

The main findings of the study showed significant altera-  explained by an adaptation to the physical exercise occur-

tions in the hormonal concentrations (GH, IGF1 and  ring with soccer training.

IGFBP3) and physical fitness parameters (jumping tests The study results revealed significant increases in

and 30m sprint) in the young soccer players compared to  height of all the adolescent subjects across the 2-year

the control subjects matched for age during the two-  period and the elite soccer players remained taller com-
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pared to the control group across time points monitored.
From the initiation of this particular investigation, the
soccer players started a taller and heavier baseline than
the control subjects; however, they were closely matched
for age and Tanner stage of pubertal development. Results
from the study support the idea that sport, even intense
soccer training, has beneficial effects on developmental
growth (Mackelvie et al., 2002) and concur to other
studies reporting how youth elite soccer players are
taller (Gil et al., 2007) and skeletally more mature (Ma-
lina et al., 2000) when compared to the non-athletic sub-
jects.

Additionally, throughout this investigation sub-
stantial differences were observed in weight between the
young soccer players and control subjects over the two
soccer seasons across all five time-points. Soccer players
assessed were heavier at all testing points compared to the
control group, which is in line with findings from Gil et
al. (2007) who suggested in general that elite soccer play-
ers are heavier than their non-elite-counterparts. The data
generated showed how weight within the elite soccer
players decreased significantly from TO to T3, and in-
creased slightly at T4, whereas for the control; a signifi-
cant increase in weight was observed from TO to T4.
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Figure 2. Change in GH, IGF-1 and IGFBP3 between each time period across 2 soccer seasons in young soccer players
(A, C, E) and control subjects (B, D, F). GH, growth hormone; IGF-1, insulin-like growth factor-1, IGFBP3, insulin-like growth factor binding
protein-3; TO: first test; T1: second test; T2: third test; T3: fourth test; T4: fifth test. $, (p < 0.001): Hormonal change from TO-T1; p, (p < 0.001):
Hormonal change from T0-T2; £, (p < 0.001): Hormonal change from T0-T3; ¥, (p < 0.001): Hormonal change from T1-T2; §, (p < 0.001): Hormo-
nal change from T2-T3; #, (p <0.001): Hormonal change from T3-T4; *, (p < 0.001): Hormonal change from TO-T4.
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Table 4. Relationship between physical fitness parameters and hormonal concentrations (GH, IGF-1, IGFBP-3 and

IGF1/IGFBP3 ratio) for the soccer players and the controls.

Variables GH (\ng/ml) IGF-1 (ng/ml) IGFBP-3 (ng/ml) IGF1/IGFBP-3 (ng/ml)

(r) TO T4 TO T4 TO T4 TO T4
Groups SP C SP C SP C SP C SP C SP C SP C SP C
CMJ (cm) 0.07 -0.12 0.24 -0.11 0.49* 0.01 0.45* 0.05 0.45* 0.15 0.47* 0.05 047* 0.15 0.49* 0.03
SqJ (cm) 0.04 -0.15 0.13 -0.04 0.58 ** 0.13 0.57 ** 0.24 0.58** 0.04 0.57** 0.03 0.59** 0.04 0.57** 0.04
5J (cm) 0.25 -0.18 0.27 -0.16 0.52 ** 0.04 047 * 0.05 0.47* 027 0.52** 0.11 047* 0.27 0.49** 0.10
30m (s) -0.02 -0.11 -0.11 -0.16 0.02 0.11 0.14 0.19 0.17 0.09 021 0.14 0.19 0.08 028 0.16
Z;;IRT -0.36 -0.10 -0.20 -0.16 0.22 0.04 0.19 0.14 036 0.16 0.13 0.12 047 016 015 0.13
VO;max  -0.05 -0.02 -0.19 -0.02 -0.23 0.03 0.13 0.18 035 0.14 042 0.2 035 0.16 0.14 0.13

GH, growth hormone;

IGF-1, insulin-like growth factor-1, IGFBP3, insulin-like growth factor binding protein-3; CMJ, countermovement jump; SqJ,

squat jump; 5J, highest of five consecutive jumps; 30m, 30-m sprint; YYIRT, distance covered in the Yo-Yo Intermittent Recovery Test - Level 1;
VOsmax, maximal oxygen consumption (ml/min/kg) ; SP, Soccer player; C, Controls; *: Significant correlations; *: p<0.05; **: p<0.01.

Furthermore, significant differences in percentage
of body fat were observed between the two testing groups.
Soccer players were leaner than their control counterparts
throughout the entire study period and similar results were
observed by other authors comparing elite soccer players
to non-elite players (Gil et al., 2007). For youth soccer
players, the body fat decreased significantly over the
study period (T0-T4) (p < 0.01), but for control subjects
no significant changes were observed.

Physical exercise is known to play an important
role in the regulation of the GH-IGF-I axis (Kanaley et
al., 1997). The GH response to exercise is dependent on
the duration and intensity of the exercise, the fitness of
the exercising subject, and other environmental factors
such as the ambient temperature (Wheldon et al., 2006).
During teenage years, GH also plays an essential role in
the regulation of anthropometric characteristics and has a
key role in regulating body composition. In addition, GH
can modify physiological responses to exercise training,
especially somatotype hormone responses (Duclos, 2001).
In adolescents, separating out the GH effects of exercise
training from the effects of maturation can be difficult.
Our results showed significant changes in plasma GH
concentrations during the different time periods and after
two-soccer seasons in young soccer players but no change
was seen in the age matched, sedentary control group.
Similar results have been found with longer periods of
training being associated with stable or with increases in
circulating GH and IGF-1 levels (Eliakim et al., 2010).

However, our results are not consistent with those
reported by the only study, to our knowledge, which mon-
itored plasma GH concentrations during one soccer sea-
son (Mejri et al., 2005). In fact, in this previous study, the
authors demonstrated that GH levels at rest and in re-
sponse to exercise were considerably greater at the begin-
ning of the soccer season (S1) than in its middle (S2) or at
its end (S3) (Mejri et al., 2005). These differences in
findings could be explained by different factors known to
affect GH responses, such as the intensity and duration of
training sessions and chronological age (Kraemer
and Ratamess, 2005). In fact, soccer players involved in
the study conducted by Mejri et al. (2005) were young
adults (19 + 1 yr.) and their relative training load was
lower than that of our soccer players. It was suggested
that a threshold training intensity was required to stimu-
late a changes in GH with a long period of training

(Manetta et al., 2002). Also, the study of Mejri et al.
(2005) had no control group, so it is difficult to separate
changes in normal growth versus changes due to training.

Serum IGF-1 levels increase steadily around pre-
puberty, with a peak occurring in late puberty, and declin-
ing quickly thereafter (Juul et al., 1995). Contradictory
results have been reported regarding the effect of physical
exercise on serum IGF-1 (Eliakim et al., 1998). Data from
the present study illustrates a change in total serum IGF-I
for both soccer players and the control subjects, but the
change was greater for the soccer players. As well, there
were significant differences across all periods in soccer
players compared to control subjects after two soccer
seasons (p < 0.01). Similar increases have been seen in
resting IGF-1 during long-term endurance training in
young men and women (Kraemer and Ratamess, 2005;
Kanaley et al., 1997). Poelman et al., (1994) found that
endurance training also increased the fasting level of IGF-
1 in older adults. These results suggested that the age-
associated decline in somatotropic hormones may be
attenuated by endurance training.

As with our GH results, our findings of increased
IGF-I basal values with exercise training are not in ac-
cordance with those reported by Mejri et al. (2005). In
young people, high-intensity exercise is associated with
increased activity of the IGF system favoring an anabolic
state (Eliakim et al., 1998). The IGFBP3 is the major
binding protein for IGF-1 in human circulation. This
hormone is a glycoprotein, which is synthesized in many
tissues. IGFBP3 is not only a transport protein, but also
has other complex actions such as modulating both the
endocrine and paracrine actions of IGF-1, influencing
IGF-1 bioavailability and may also exert IGF-independent
effects on target cells. IGFBP3 could be a way to prolong
the effects of GH (which changes rapidly with physical
exercise) (Bouix et al., 1997; Juul et al., 1995). IGFBP3
levels increased in both groups throughout our study, but
to a much greater extent in the soccer players. The signif-
icant increase of serum IGFBP-3 is in agreement with the
other data examining IGFBP-3 in children and adoles-
cents (Juul et al., 1995). Thus, the average concentrations
of IGFBP-3 increase progressively during puberty to
reach the maximal values about the age of 14-15 (Bouix
et al., 1997). Moreover, exercise and training have been
reported to increase IGFBP-3 to a greater extent than with
growth alone (Di Luigi et al., 2001) and there is general
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agreement about this finding.

Previous findings demonstrated that levels of
physical fitness in adults or young men are known to be
correlated with concentration levels of IGF-1. Serum IGF-
1 and serum IGFBP3 levels are identified to positively
correlate with normal growth rate in children and adoles-
cents and also with aerobic performance in children (Brun
et al., 1996; Manetta et al., 2002). Significant correlations
between IGF-1 and fitness parameters (CMJ, SqJ and 5J)
were found in our young soccer players in the beginning
of the study and after two soccer seasons. The correlation
existing between fitness parameters and serum IGF-I,
con-
firm that in healthy adolescents, high-intensity exercise is
associated with increased activity of the IGF system fa-
voring an anabolic state (Eliakim et al., 1998). Maimoun
et al. (2004) observed that the bioavailability IGF-1 index
(IGF-1/IGFBP-3) increased, while IGFBP3 concentra-
tions were unchanged after a triathlon season.

Similar to serum IGF-1 levels, the levels of serum
IGFBP-3 and were also positively correlated with fitness
parameters (CMJ, SqJ and 5J) in young players following
two soccer seasons, but not in control subjects. Moreover,
in the current study significant correlations were observed
between the ratio IGF1/IGFBP3 and CMJ, SqJ and 5J.
Similarly, significant correlation between serum IGFBP3
and physical parameter (VOamax) has been described in
young male subjects (Brun et al., 1996). Thus, IGFBP3
and especially the ratio IGF1/IGFBP3 may be considered
as an endocrine marker of physical fitness (Manetta et al.,
2002).

Data in the literature concerning the effect of train-
ing on GH levels are controversial. However, in our
study, no association was observed between GH and
physical performances in young soccer players and con-
trol subjects in all time points throughout two soccer
seasons. In contrast, Eliakim et al. (2010) found a positive
correlation between fitness and overnight GH levels in
adolescent females. Training increased not only the rest-
ing GH levels but also its response to exercise (Manetta et
al., 2002). Thus, the GH response to training may be
different depending on the age of the subjects, on the
level intensity of training and the physical activity prac-
ticed (Kraemer and Ratamess, 2005).

Despite the novelty and applicability of the current
investigation, some limitations concerning our experi-
mental design should be discussed. First, the blood sam-
ples were taken only at rest, which does not allow us to
report adaptations to exercise or to soccer match play. It
would be interesting to take blood samples during the
match or at least at half time and finally match to specify
the hormonal responses to this kind of test. Second, in the
current study, psychological monitoring was not integrat-
ed. This may increase our knowledge concerning the
connection between physiological and psychological
adaptations during a soccer season in young elite soccer
players.

Conclusions

Due to the lack of literature within this area, this study is

the first of its type to monitor somatotype hormones and
the longitudinal effect of a soccer training load stimulus
(two season follow-up) in elite adolescent soccer players.
The investigation provides results concerning anthropo-
metric characteristics, physical fitness performances and
hormonal concentrations for highly trained young soccer
players in comparison to a controlled group. As a result
based on the data obtained, it can be suggested that soccer
participation of young elite players may lead to increased
GH concentrations compared to control subjects, and this
may represent an adaptation to exercise with soccer train-
ing. Furthermore, total IGF-1 levels and IGFBP3 re-
mained strongly correlated with fitness performances
(CMJ, SqJ, 5J) and serum IGF-1 and serum IGFBP3 lev-
els may be considered as endocrine markers of physical
fitness in young soccer players.
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Key points

e The present study investigated the effect of two soc-
cer-training seasons on the growth, development and
somatotype hormone concentrations of elite youth
soccer players.

e Somatotropic axis hormones, anthropometric and
physical parameters increased to a greater degree
with growth and soccer training combined compared
to growth alone.

e The present investigation revealed that intense train-
ing did not impair growth or development in these
young soccer players across 2-year period.
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