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ABSTRACT

Forty-two untrained prepubertal and pubertal boys formed
2 experimental groups, group STG1 (n 5 9; 11–13 years old)
and group STG2 (n 5 13; 14–16 years old) and 2 control
groups (groups CG1 and CG2) of the same age ranges and
similar pretraining hormonal levels. Informed consent was
obtained from the children and their parents. Groups STG1
and STG2 were submitted to a 2-month resistance training
program (6 exercises, 3 3 10 repetition maximum, 3 times a
week), followed by a 2-month detraining period. Blood sam-
ples were obtained to determine hormonal responses to
training and detraining conditions. Their maturation stage
was evaluated. Posttraining mean testosterone values of the
STG1 and STG2 groups increased by 124 and 32%, respec-
tively (p , 0.001), whereas the free androgen index mean
value of the STG1 group increased by 74% (p , 0.005). Sig-
nificant differences in serum testosterone existed between
the experimental groups before and at the end of the training
period. At the end of the detraining period, the mean hor-
monal parameters remained practically unaltered. We con-
clude that strength training stimulates the anabolic and an-
drogenic activities differently in prepubertal and pubertal
untrained boys.
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Introduction

The participation of boys in resistance training pro-
grams has become popular recently, which—be-

sides its apparent effect on strength (14, 22–24, 27,
31)—leads to a positive influence on their physical
condition by parallel increase of their performance ca-
pacity in sports and to a protection from possible

sports- or recreation-associated injuries (17). It also im-
proves the quality of their life, giving them the chance
to develop habits influencing their health positively,
and changing their attitude toward wellness for a long
life (28). Different hormones, such as testosterone (T),
cortisol, thyroid-stimulating hormone, growth hor-
mone, and immunoglobulin F, control the skeletal
muscle tissue (5). These hormones are influenced by
resistance training, thus changing the mechanisms of
catabolic-anabolic muscle process, which leads to the
synthesis of new muscle proteins (33). Data on the in-
fluence of prolonged resistance training and detrain-
ing on androgen levels of adults are contradictory be-
cause of inherent methodological differences of the rel-
ative studies (1, 7–12), although a relative lack of sim-
ilar information about prepubertal, pubertal, and
adolescent boys exists (6, 19, 20).

Therefore, our purpose was to investigate the influ-
ence of a short (2-month), supervised, progressive re-
sistance training program with isotonic equipment
and a 2-month detraining program on T, sex hormone-
binding globulin (SHBG), and free androgen index
(FAI) blood concentration in 2 different age groups of
untrained prepubertal and pubertal Greek boys.

Methods

Forty-two untrained high-school pupils, 11–16 years of
age, were divided randomly into 4 groups: 2 experi-
mental groups (STG1, n 5 9, aged 11–13 years; and
STG2, n 5 13, aged 14–16 years) and 2 control groups
(CG1, n 5 10; CG2, n 5 10; control groups were age-
matched to the experimental groups). They participat-
ed voluntarily after information of the purpose of the
study and the potential risks associated with a
strength-training program and after obtaining written
consent from their parents. The study was approved
by the Department of Physical Education, University
of Athens. The subjects’ personal characteristics are
given in Table 1. Their maturation stage was evaluated
according to Tanner (29) on the basis of external gen-
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Table 1. Anthropometric characteristics of experimental and control groups (mean 6 SD).*

Group n Age (y) Height (cm) Weight (kg) Body fat (%)

STG1
CG1
STG1 2 CG1
STG2
CG2
STG2 2 CG2

9
10

13
10

11.78 6 0.84
12 6 0.82

NS
14.92 6 0.86
14.9 6 0.88

NS

152.18 6 5.91
156.82 6 8.68

NS
169.06 6 9.25
166.47 6 4.95

NS

43.02 6 9.5
43.18 6 10.74

NS
55.47 6 9.03
56.82 6 5.96

NS

14.05 6 3.11
12.74 6 2.64

NS
12.76 6 3.10
13.67 6 3.17

NS

* STG1 5 experimental group 1; STG2 5 experimental group 2; CG1 5 control group 1; CG2 5 control group 2; NS 5 not
significant.

italia and pubic hair development. All subjects under-
went medical evaluation before their selection for the
study.

Experimental Design

The experimental groups were submitted to a 2-month
resistance-training program. The training program
variables were designed according to the basic prin-
ciples described by Kraemer and Fleck (16). Every
training session included 3 sets of a predetermined 10
repetition maximum (RM) of 6 different exercises for
the upper-body part in a variable resistance machine
(supine bench press, wide grip cable, pull-downs, bi-
ceps curl, triceps extension, seated row, and overhead
press). The exercise program was designed for the up-
per extremities because it is known that the legs of the
boys are relatively stronger (23, 26), and in this con-
text, the subjects might have been capable of greater
strength gains after the end of the training protocol.
Among the sets were a 1-minute rest and a 3-minute
rest. The duration of the training sessions was about
60 minutes, and the training frequency was 3 times
per week (48 hours between each training session).
Each session was supervised by a coach and included
a warm-up of about 10 minutes, with jogging, static
stretching, light exercises of the involved muscle
groups, and approximately 5–8 minutes of stretching
to cool down. Every 15 days, the subjects were sub-
mitted to a test (10RM) to readjust the training effort.
The training period was followed by a 2-month de-
training period, during which the boys did not partic-
ipate in any training program except their normal
school physical education classes. Before the beginning
of the 2-month training at the end of the second
month, and at the end of the detraining period, blood
samples were obtained from the antecubital vein in
resting conditions for hormonal determination. The
control groups were not subjected to resistance train-
ing but followed similar anthropometric test and
blood assay protocols. No injuries resulted from the
training sessions. A small number of subjects com-
plained of acute pain and soreness in the initial 3 ses-

sions, which disappeared after the first week of train-
ing followed by extra stretching exercises.

Measurements
Blood Tests. Approximately 5 mL of blood was drawn
from a forearm (antecubital) vein using a gauge nee-
dle-Vacutainer setup. The blood was allowed to clot at
room temperature (228 C), and the serum was sepa-
rated by centrifugation at 3,000 rpm for 15 minutes
and stored at 2308 C for later analysis (within 30
days). T was determined using a commercial radio-
immunoassay kit (Direct Testosterone I125, Farmos ORI-
ON Diagnostica, Finland). Intra-assay and interassay
variations were 4.6 and 4.9%, respectively, and the as-
say sensitivity was 0.30 nmol/L. The specificity was
good, with minor cross reactions. SHBG was deter-
mined using the IRMA method of Farmos ORION
Diagnostica. Intra-assay and interassay variations were
3.2 and 5.5% respectively, with a sensitivity of 0.5
nmol/L. All samples for T and SHBG were deter-
mined in duplicate (as well as the standard curve), and
high- and low-quality control sera were included in
the test. Duplicate values were satisfactory (r9T 5 0.96;
r9SHBG 5 0.98).

Finally, the FAI was derived using the following:
21concentration of total T (nmol·L )

FAI 5 3 100
21concentration SHBG (nmol·L )

Anthropometry. All 42 subjects were measured for
height, weight, and triceps and subscapular skinfolds.
The last measurements were taken with a Harpenden
skinfold caliper (13). All anthropometric and body
composition measurements were taken on all 3 occa-
sions by the same investigator previously controlled
for his test-retest reliability (r . 0.92).

Statistical Analysis
A 3 3 2 multivariate analysis of variance was used to
test statistical differences among the 3 phases of the
experimental design and among the experimental
groups in hormonal variables. Gain analysis was used
for the percentage of the timing alterations after de-
termining the significant differences among mean val-
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Table 2. Hormonal concentrations of experimental
groups (mean 6 SD).*

Variables Group

Period

Pretraining Posttraining Detraining

T (nmol·L21)

SHBG
(nmol·L21)

FAI

STG1
STG2
STG1
STG2
STG1
STG2

4.9 6 5.7
14.6 6 4.2

69 6 30.9
42.5 6 9.1
15.6 6 26.1
36.1 6 14.4

10.9 6 6.2
19.3 6 2.8

52 6 42.2
43.1 6 27.9
27.2 6 34.4
68.3 6 79.6

10.1 6 7.6
20.1 6 2.3
86.8 6 50.5
44.1 6 22.5
20.1 6 27.4
56.7 6 22.1

* T 5 testosterone; SHBG, sex hormone binding globulin;
FAI 5 free androgen index; STG1 5 experimental group 1
(n 5 9); STG2 5 experimental group 2 (n 5 13).

Table 3. Multivariate analysis of variance of mean pre-
training and posttraining hormonal concentrations between
experimental groups.*

Variables

Pretraining

F-test p

Posttraining

F-test p

T (nmol·L21)
SHBG (nmol·L21)
FAI

56.59
21.10
13.66

0.001
0.001
0.001

4.66
2.92
0.44

0.05
NS
NS

* T 5 testosterone; SHBG 5 sex hormone binding globulin;
FAI 5 free androgen index; NS 5 not significant; STG1 5
experimental group 1; STG2 5 experimental group 2. The
pretraining Wilks’ L for STG1 2 STG2 is 0.34419 (F 5 17.78;
p , 0.001). The posttraining Wilks’ L for STG1 2 STG2 is
0.76341 (F 5 2.89; p , 0.053).

Table 4. Multivariate analysis of variance of hormonal
concentration differences for experimental group 1 (STG1).*

Variables

Pre-Post

F-test p

Post-Det

F-test p

Pre-Det

F-test p

T (nmol·L21)
SHBG (nmol·L21)
FAI

22.81
4.11

15.64

0.001
NS

0.005

0.57
3.71
4.03

NS
NS
NS

11.10
1.26
0.93

0.01
NS
NS

* T 5 testosterone; SHBG 5 sex hormone binding globulin;
FAI 5 free androgen index; NS 5 not significant. Pre-Post
Wilks’ L: 0.24311 (F 5 6.2265; p , 0.028); Post-Det Wilks’ L:
0.46154 (F 5 2.3333; p , 0.174); and Pre-Det Wilks’ L:
0.39341 (F 5 3.08374; p , 0.012).

Table 5. Multivariate analysis of variance of hormonal
concentration differences for experimental group 2 (STG2).*

Variables

Pre-Post

F-test p

Post-Det

F-test p

Pre-Det

F-test p

T (nmol·L21)
SHBG (nmol·L21)
FAI

19.59
0.005
2.37

0.001
NS
NS

0.845
0.011
0.278

NS
NS
NS

47.37
0.083

15.93

0.001
NS

0.002

* T 5 testosterone; SHBG 5 sex hormone binding globulin;
FAI 5 free androgen index; NS 5 not significant. Pre-Post
Wilks’ L: 0.32896 (F 5 6.79949; p , 0.009); Post-Det Wilks’
L: 0.86483 (F 5 0.52097; p , 0.677); and Pre-Det Wilks’ L:
0.15989 (F 5 17.51461; p , 0.081).

ues of control groups using the paired t-test. The t-
test for independent variables was used for compari-
son of the means of the hormonal parameters exam-
ined between experimental and control groups. The
values in the tables are referred to as mean 6 SD. Sig-
nificance was set at p # 0.05.

Results
The mean values of the hormonal variables are given
in Table 2.

Pretraining. Mean STG2 T concentration was ap-
proximately 3 times greater than that of STG1 (p ,
0.001), whereas mean STG2 SHBG concentration was
32% lower than that of STG1 (p , 0.001). The mean
STG2 FAI value was 132% higher than that of STG1 (p
, 0.001). Table 3 summarizes the hormone concentra-
tions of STG1 and STG2.

Posttraining. At the end of the training program, the
mean T concentration of STG1 and STG2 increased by
about 124 and 32%, respectively (p , 0.001 for both).
The mean FAI value of members in the STG1 group

rose by about 74% (p , 0.005), whereas the mean FAI
value of STG2 did not change significantly. Mean
SHBG concentrations of the 2 experimental groups did
not change significantly (Tables 4 and 5). When we
compare the posttraining changes of hormonal con-
centrations of the 2 groups, it is evident that the mean
change of STG1 T concentration was 23% higher than
was the respective change of STG2 (p , 0.05).

Detraining. At the end of the detraining period, the
mean hormone concentrations were not significantly
different from the posttraining ones. The mean de-
training T concentration of the experimental groups as
well as the mean FAI value of the STG2 group retained
the significance against the respective pretraining ones
(p , 0.01–0.001; Tables 4 and 5).

Discussion
The primary findings demonstrated that 2 months of
strength training resulted in significant increases in
the level of T in STG1, STG2, and FAI of STG1, re-
spectively. These posttraining changes were in reverse
ratio compared with the pretraining ones and were
maintained after a 2-month detraining period.

Before the beginning of the program, each experi-
mental group and the age-matched control one had
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Table 6. Pretraining hormonal concentration of experi-
mental and control groups (mean 6 SD).*

Group T (nmol·L21) SHBG (nmol·L21) FAI

STG1
CG1
STG1 2 CG1

STG2
CG2
STG2 2 CG2

4.9 6 5.7
6.1 6 4.4

21.2 6 2.4
NS

14.6 6 4.2
13.9 6 2.9
0.7 6 1.5

NS

69 6 30.9
64.2 6 21.8
4.8 6 12.4

NS
42.5 6 9.1
44.9 6 11.5

22.4 6 4.4
NS

15.6 6 26.1
12.7 6 15.1
2.8 6 9.9

NS
36.1 6 14.4
32.2 6 10.2
3.9 6 5.1

NS

* T 5 testosterone; SHBG 5 sex hormone binding globulin;
FAI 5 free androgen index; NS 5 not significant; STG1 5
experimental group 1; STG2 5 experimental group 2; CG1
5 control group 1; CG2 5 control group 2.

the same mean values of the hormonal parameters,
and they were within the reference values range (30;
Tables 1 and 6). The evaluation of the biological age of
the boys (29) showed that STG1 was between the end
of the prepubertal stage and the beginning of puberty,
whereas STG2 was in late puberty. This age difference
is reflected in their pretraining T and SHBG concen-
tration values. On the basis of these differences, FAI is
also much differentiated.

The influence of resistance training in the strength
of prepubertal, pubertal, and adolescent boys has been
extensively studied (14, 22–24, 27, 31). However, to our
knowledge, little is known about its influence on an-
drogen (T, SHBG, or FAI) secretion and bioavailability
in such subjects (6, 19, 20). The physiological function-
al changes occurring during puberty are characterized
by relative changeable responses (17), and the related
hormonal adaptations to resistance training noted in
this study could probably contribute as additional
stimulus to the intense anabolic process during the
growth spurt of puberty. This is of particular interest,
because T exerts an anabolic action on numerous tis-
sues, especially during puberty (21), is related to the
mechanisms of muscle growth (25), and is related to
the biological condition of the trainees (32).

From the gain analysis, it is clear that after the end
of the training period, the mean T and FAI values of
control groups did not change markedly, and the sig-
nificant changes noted in the experimental groups
were attributed to resistance training.

The duration of this study could not permit the
drawing of any valid conclusions relating the influence
of resistance training with the maturation of the boys
who exercise regularly, because such training pro-
grams of short duration do not influence the skeletal
growth of prepubertal and pubertal boys (3).

The concentration of T and SHBG in all groups re-
mained within the reference values range (30) at the
end of the training and the detraining periods, which

in turn shows that the strength training of this study
had no adverse effect on the hormonal mechanisms
operating in prepubertal and pubertal boys.

The resistance training followed in this study
seems to stimulate Leydig cell activity and leads to an
increase in the T levels in a manner reverse to the age,
the different development stages, or the mean pre-
training hormonal concentrations of the boys. Specifi-
cally, the mean posttraining T concentration of STG1
increased by 123%, whereas the STG2 group’s respec-
tive increase, which was 3 times greater than that of
STG1, rose by 32%. These results are in contrast to
those of another study in which high school pupils
were submitted to an acute exercise in cycloergometer.
In that study, no significant differences were observed
between groups of different biological age with regard
to pretraining and posttraining T concentrations (4).

Our results are not completely comparable to those
of other researchers (6, 19, 20), owing probably to the
methodological differences of the training protocols.
In fact, Mersch and Stoboy (20) submitted only 3 pre-
pubertal twins to isometric training, whereas Mero et
al. (19) examined the annual influence of different
training programs (tennis, weight training, endurance,
and speed training) on the T and SHBG levels of pre-
pubertal and pubertal boys. It must be noted that de-
spite these differences, Mero et al. (19) found respec-
tive increases in the T levels (98%) after the end of the
training programs, which is in accordance with our
results. Furthermore, Fry et al. (6) submitted 28 elite
adolescent male weightlifters with a maturity status
similar to the subjects in this study to a relatively short
(1-week) but high-volume resistance training. The ob-
served significant T levels decreases because of the in-
tensity of the training might not apply to other pop-
ulations (untrained boys), because the training expe-
rience and the resulted physical condition of the sub-
jects (18) could lead to different chronic adaptations of
the hypothalamic-pituitary-gonadal axis.

The relative posttraining FAI increases of STG1
(74%; p , 0.005) and STG2 (98%; not significant), be-
cause of the unchangeable and nonsignificant SHBG
response, underline the importance of the findings, as
it is well known that FAI is an index of biological ac-
tive unbound T (free T), which is available to tissues,
and demonstrate whether the subjects are trainable or
not (1, 10).

It has been well documented that increases in
strength after resistance training in prepubertal sub-
jects are probably caused by modifications of their
neuromuscular activation and changes in intrinsic con-
tractile characteristics of the muscles (3). The results of
this study may provide some evidence as to the po-
tential role of T in strength acquisition, influencing
neural factors (17), and the possible muscle fiber tran-
sition of type II to more glycolytic profiles (2, 15).

Little information about the changes of T and FAI
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exist in the resistance exercise detraining period in
prepubertal and pubertal boys. Although the resis-
tance-training adaptations of trained athletes or sed-
entary subjects may not relate to prepubertal and pu-
bertal boys because of the large physiological differ-
ences, it is of interest to note that in trained boys, no
significant differences were observed in this period (1,
9). On the contrary, other workers (12) found an in-
crease in T and a significant decrease in cortisol, pos-
sibly because of the anabolic process after the end of
the training program and its antagonism on protein
degradation during the detraining period (33). The
lack of significant changes during the detraining pe-
riod reveals that the exercise-induced gains for T and
FAI were maintained until the end of this period. This
may be implied by the significant STG1 and STG2 T
and STG2 FAI posttraining differences from the pre-
training values (Tables 4 and 5).

By and large, one may conclude that the 2-month
resistance training resulted in significant increases in
the T concentration in prepubertal and pubertal boys;
the extent of these changes was in reverse ratio to the
pretraining status; and the posttraining gains were
preserved for 2 months after the end of the training
program.

Practical Applications

The significant increases in T and FAI during the
short-term training program as well as the T and FAI
concentrations, which remained practically unaltered
after the end of the detraining period, are of great im-
portance, revealing the subjects’ satisfactory potential
trainability status, and this information may be useful
to coaches for designing the periodization (especially
the rest periods) of strength-training programs for
these age groups. Obviously, more research is needed
to clarify at what point the hormonal studied param-
eters will regress to their pretraining values after the
end of the resistance-training program and whether
extension of the training period or an increase in in-
tensity, duration, and frequency would preserve the
gain of the posttraining hormonal changes for a longer
period.
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