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ABSTRACT

OBJECTIVE: To examine the effects of three seasonal training programs, largely different in 
strength volume, on androgen levels and performance parameters in soccer players. DESIGN: 
Sixty-seven soccer players, members of three different professional teams, participated in the 
study. Strength intensity of the training programs were assessed as high (for Team-A, n=23), 
moderate (for Team-B, n=22), and low (for Team-C, n=22). Blood samples were analyzed for 
total-testosterone, free-testosterone, and the metabolic product of activate testosterone 3a-
androstendiol glucuronade (3a-Diol-G). Players were tested for maximal oxygen consumption 
(VO2max), squad-jump (SJ), countermovement-jump (CMJ), 10m and 20m sprint performance 
prior at the beginning of the pre-season period, at the middle (mid-point), and at the end of the 
competition period (end-point). RESULTS: All performance parameters increased significantly 
until mid-point in all teams (p<0.001). However, performance was further increased only in 
Team-A only for jumping and sprinting ability between end-point vs mid-point (p<0.001). 
An effect of the training program of Team-A on TT levels was evident exhibiting significant 
differences between at all point-measurements (baseline/mid-point:p=0.024, baseline/end-
point:p<0.001, mid/end-point:p=0.008), while a marginally significant effect (p=0.051) was 
detected within Team-B and a non-significant effect in Team-C. Similar results were obtained 
for 3a-Diol-G in Team-A (p=0.001) where significant differences were found between end-point 
to both baseline (p=0.001) and mid-point (p=0.038). No differences were detectable for FT. 
A borderline significant negative correlation was observed between 3a-Diol-G and VO2max in 
Team-B at mid-point. No other correlations were evident between performance and hormo-
nal parameters. CONCLUSION: Our findings suggest that the volume of strength training 
combined with intensive soccer training caused an elevation of circulating TT and 3a-Diol-G
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INTRODUCTION

The main androgen, testosterone, affects a vari-
ety of parameters such as body composition, muscle 
metabolism and function, protein synthesis, and 
muscle mass.18,23 These parameters are related with 
the ability to perform efficiently during exercise.23,35,39 
Furthermore, previous findings from different athletic 
populations indicate a linear relationship between 
maximal explosive force,5 force production,22 jump-
ing and sprinting ability8,30,32 and testosterone levels. 
The association between testosterone and exercise 
is bidirectional, i.e. testosterone affects exercise 
and is affected by it. Indeed, testosterone response 
to exercise is a result of a combination of different 
factors such as volume, intensity, type of exercise, 
and training status of the subjects.24,46 It is generally 
accepted that endurance training19 tends to decrease 
testosterone resting values, whereas strength exercise 
can increase its basal levels during periods of high 
volume32 and high intensity training44 in response to 
long22 or short training periods.44

Soccer is a high intensity intermittent exercise 
that combines aerobic and anaerobic activities and 
places considerable demands on the neuromuscular 
and hormonal systems.4 Although the main meta-
bolic functions in soccer are sustained by aerobic 
metabolism,14 the ability of the neuromuscular system 
to produce maximal strength and power and their 
derivatives (sprints, jumps, acceleration) appears 
to be of crucial importance.4 As a consequence of 
the demands placed on soccer players, the current 
conditioning programs involve the development of 
specific physical capacities such as endurance, speed, 
strength, and power. However, maintenance of or 
improvement in performance are not solely depend-
ent on sufficient conditioning. It is now believed that 
several other factors influence exercise performance, 
among which is circulating testosterone.8,32

The association between soccer and testosterone 
levels is complex and still controversial. Thus, periods 
of high intensity training in soccer reduce testoster-
one basal concentration,14 whereas its levels remain 
unchanged16 or increase29 as a response to regular 
soccer training. Meanwhile, very few interventional 
studies have been conducted presenting data on the 
combination of soccer training and strength sessions. 
The existing literature suggests that the combination 
of soccer training with linear or non-linear strength 
sessions results in increased total testosterone (TT) 
basal levels and neuromuscular performance17,40 but 
does not affect free testosterone (FT) and endurance 
capacity.17

The aim of the present work was to examine the 
effects of three different seasonal soccer training 
programs on serum levels of TT, FT, and the meta-
bolic product of activated testosterone 3a-Androsten-
diol-glucuronade (3a Diol G)34 as well as on exercise 
performance. More specifically, we examined the 
effects of different soccer training regimes on the 
fluctuation of androgen levels and performance over 
time (pre-season period until the end of the cham-
pionship). The training programs differed among 
the three teams, i.e. high volume training program 
in Team A, moderate in Team B, and low in Team 
C. The difference involved (a) volume and load of 
general (GSC) and (b) soccer-specific strength training 
(SPS) (a common training method in today’s soccer 
training). The effects were measured by maximal 
oxygen consumption (VO2max) and neuromuscular 
performance parameters, i.e. squat jump (SJ), coun-
termovement jump (CMJ), and sprint performance. 
To assess the effect of the three training programs 
on circulating endogenous androgens, we measured 
total-testosterone (TT), free-testosterone (FT), and 
3a-androsten-diol-glucuronade (3a-Diol-G). Finally, 
we examined the association between changes in 
performance parameters to changes of levels of en-
dogenous androgens. Our working hypothesis was 

levels in parallel to the induction of performance capacity. It is our opinion that the elevation 
of endogenous androgens as a result of the volume of strength training indicates that the only 
method to improve athletic performance is hard training. There are no substitutes or shortcuts. 
If the organism needs more androgens it will produce them endogenously. 
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that the higher the volume, the better the perfor-
mance parameters and the higher the endogenous 
androgen levels.

MATERIALS AND METHODS

Subjects

Sixty-seven male professional soccer players, mem-
bers of two Greek Superleague teams (Team A: n=23, 
Team B: n=22) and one Greek Football League 2 
team (Team C: n=22) participated in this study. All 
the participants had been professional soccer play-
ers for more than 5 years. A detailed medical history 
was recorded. Exclusion criteria were as follows: a) 
any medical or endocrine disorder that could affect 
their ability to participate in the study and/or affect 
endogenous hormonal production; b) suspicion of 
use of exogenous hormonal agents or of other illegal 
substances; and c) absence from the normal training 
program for more than 15 days. The individual players 
incorporated in the study had comparable anthro-
pometric measures, suggesting homogeneity of the 
sample at the beginning of the study. Their age, weight, 
and height characteristics ±SD were as follows: Team 
A: age (years)=25.5±1.1, weight (kg)=79.1±1.3, 
height (cm)=182±2.3; Team B: age (years)=24.7±1, 
weight (kg)=79.5±1.9, height (cm)=181±1.4; Team 
C: age=23.8±0.9, weight (kg)=79.7±1.2, height 
(cm)=181±1.1. Players received verbal explanation 
for the study and a written consent was obtained. The 
study was conducted according to the declaration of 
Helsinki and was approved by the ethics committee 
of the university. 

Study Design

The study was performed over a period of 10½ 
months (42 weeks), i.e. from the beginning of the 
pre-season period until the end of the champion-
ship. The players were evaluated three times: a) 
baseline: just before the beginning of the pre-season 
period (early in July); b) mid-point: in the first half 
of the in-season period (January); and c) end-point: 
at the end of the season (mid-May). Prior to each 
testing period, players were under no exercise stress 
for at least two days to avoid any fatigue effects. 
Each experimental session included two days of 
consecutive testing. In the morning of the first day, 
anthropometric characteristics were measured (08:30 

am) and venous blood samples were obtained (from 
09:00 to 10:30 am) to determine the concentration 
of testosterone assessed by three assays, i.e. TT, FT, 
and 3a Diol G. In the afternoon of the same day 
(17:00 pm), players were tested for neuromuscular 
performance assessed by two different measure-
ments, i.e. squat and countermovement jump (SJ 
and CMJ, respectively) and speed performance 
assessed by two measurements, i.e. 10m and 20m 
sprint. On the morning of the second day (09:30 
am), maximal oxygen consumption (VO2max) was 
performed. All hormonal and exercise performance 
measurements were performed during all three 
experimental sessions at the same time of the day 
and players were tested in the same order to avoid 
any circadian variation in the measured variables. 
The measurement for the determination of one 
repetition maximum (1RM) was performed only at 
pre-season for the specific strength exercises used in 
our study. This testing took place the day after the 
VO2max assessment starting at 10:00 am. Before 
each experimental session, players were requested to 
avoid consuming any supplement that could promote 
performance at least 2 days prior to the testing to 
keep their hydration status as well as to avoid any 
caffeine or alcohol beverages at least 3 hours prior 
to each testing. Nutritional guidelines were given 
to all players in order to ensure a >60% carbohy-
drate dietary intake during the study. All players 
were familiar with the testing protocol, as they had 
been previously tested with the same procedures 
on several occasions during the last soccer season. 

Training

Playing Schedule and training program

During the whole experimental period, players 
of Teams A, B, and C participated in 33, 32, and 33 
official (competition and cup) games, respectively. 
The training program for the three experimental 
teams was designed by the team coaches with the 
cooperation of the researchers. During both pre-
season and competition periods, players partici-
pated in approximately 75-95 minute mean duration 
training sessions, focusing on all aspects of physical 
conditioning and technical-tactical elements of the 
game (Table 1). Categorizing Training Sessions: In 
order to analyze and evaluate the weekly training 
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Table 1. Weekly training program during the competition period

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Team A
Morning moderate volume high 

intensity strength circuit 
training + moderate 

intensity specific soccer 
strength training

specific soccer strength 
training + low intensity 

technical tactical 
training

speed training 
+ moderate 

intensity game 
in the half field 

(10’) + freekicks, 
corner kicks

reaction speed 
training 20’-25’

Afternoon starters recovery 
training

non-starters friendly 
game vs U20 or SSG 

training

Day off speed, agility 
coordination training 

+ SSG 

moderate intensity 
technical tactical 

conditioning (BSG)

low to moderate 
intensity 

technical tactical 
training (BSG) 

Game

Team B

Morning - - high intensity strength 
training + low to 

moderate intensity 
technical training

- - -

Afternoon starters  
recovery training 

non-starters friendly 
game vs U20 or SSG 

training

Day off speed, agility 
coordination training 

+ SSG 

soccer specific strength 
training + moderate 
intensity technical 

tactical conditioning 
(BSG)

low to moderate 
intensity 

technical tactical 
training (BSG) 

speed training 
+ moderate 

intensity game 
in the half field 

(10’) + freekicks, 
corner kicks

Game

Team C

Morning - - - - - - -
Afternoon starters recovery 

training
non-starters friendly 

game or SSG training

Day off speed, agility 
coordination training 

+ SSG 

moderate intensity 
technical tactical 

conditioning (BSG)+ 
soccer specific strength 

training or general 
strength training  

(every second week)

low to moderate 
intensity 

technical tactical 
training (BSG) 

speed training 
+ moderate 

intensity game 
in the half field 

(10’) + freekicks, 
corner kicks

Game

U20: under 20 years old Team, SSG: small sided games, BSG: big sided games.

load, specific sub-components of each session were 
categorized according to the conditioning target of 
each training session as follows: Technical-Tactical 
training (TT) and Technical-Tactical Conditioning 
(TTC) both performed in conjunction with soc-
cer drills such as small sided games (SSG) and big 
sided games (BSG), speed and agility conditioning 
(SAC), endurance conditioning (EC) when running 
was performed (without the ball), general strength 
conditioning (GSC), and soccer-specific strength 
training (SPS). The strength sessions employed were 
categorized according to the recommendations by 
Baker (1996) as follows: general strength (aiming to 
increase maximal strength), special strength (aiming to 
train for power once strength levels have increased), 
and specific strength (aiming to train the specific skills 
needed during an actual competition).

Preparation Period

During the pre-season period, participants of 
Teams A, B, and C participated in 74, 63, and 52 
training sessions, respectively, in a period of 7 weeks. 
Players of Teams A and B participated in the same 
number and nature (training volume, load, and inten-
sity) of training sessions including TT (15 sessions), 
TTC (+SSG, BSG; 20 sessions), SAC (4 sessions), 
EC (9 sessions), whereas players of Team C had a 
similar number of TTC (+SSG, BSG; 20 sessions) 
and SAC (4 sessions), and slightly lower training 
sessions in TT (11) and EC (6 sessions). The main 
difference between Teams A, B, and C consisted in 
the number of SPS and GSC (Team A: GSC=11, 
SPS=15; Team B: GSC=6, SPS=9; Team C: BSC=4, 
SPS=7). During the seventh week of the pre-season 
period all teams followed their in-season weekly 
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training plan (Table 1). During this phase all friendly 
games were recorded as TTC. In-season Period: The 
in-season weekly training plan was kept constant by 
each team throughout the competition period (Table 
1). The weekly training program was different mainly 
regarding the number and the nature of the SPS and 
GSC sessions performed by each team (Tables 1, 
2). Apart from the different weekly number of SPS 
sessions in each team, an extra training session was 
performed by the players of Team A on the morning 
of the match-day (Table 1). During the competition 
phase Teams A, B, and C had 3, 2, and 1 cup matches, 
respectively, at mid-week (Wednesdays). During these 
“cup-weeks”, the training plan was different including 
two recovery sessions, two low intensity-low volumes 
TT sessions, and one SAC session in all teams. 

Categorizing the three training programs

The three seasonal training programs were differ-
ent regarding the volume and the load of the strength 
training sessions. Therefore, the seasonal training 
regimes were categorized as follows: high strength 
training stress, moderate strength training stress, and 
low strength training stress for Teams A, B, and C, 
respectively. Training Load, Volume, and Intensity: The 
training load of each session was assessed with the use 
of the 10-point RPE scale modified by Foster et al 
(1995). The training load calculation and assessment 
was performed according to standard procedures.15 
In order to control the training load and to avoid 
any overtraining effect that would negatively affect 
both the adrenal and gonadal axes as well as exercise 
performance,47 the daily “training monotony” (aver-
age daily training load/standard deviation of the daily 

training load calculated over a week) was measured. 
In regard to training volume, it was expressed during 
the study as total number of training sessions and 
training time in minutes (min). Heart Rate maximal 
(HR max) assessment was performed using HR moni-
tors (Polar Team2 Pro, Polar Electro, Oy, Finland) to 
determine the training zones (<50-60% of HR max, 
60-70% of HR max, 70-80% of HR max, 80-90% 
of HR max, 90-100% of HR max). Soccer-Specific 
Strength (SPS): All three experimental teams employed 
SPS sessions of 35-40 minutes duration throughout 
the study but at a different weekly frequency (Table 
1). Soccer-specific strength has been defined as the 
ability of a player to use muscle strength and power 
effectively and consistently throughout the soccer 
season.4 These sessions included various forms of 
activities such as skipping over cones, jumping on 
one or two legs, jumping over hurdles or obstacles, 
shooting, heading, acceleration, repeated sprints, 
eccentric movements such as deceleration and stop-
ping, changes of direction, etc.,36 combined with 
maximal intensity soccer activities such as crossing, 
shooting, and heading . All performed drills in each 
SPS were similar in nature, duration, and volume. 
During every SPS, the number of plyometric exercises 
(jumps) was kept constant at 45 jumps per session 
for each individual. General Strength Conditioning 
(GSC): General strength conditioning was used by 
all teams (Table 1). Teams B and C employed the 
same high intensity, low load GSC regime, whereas 
Team A players followed a high intensity, moderate 
volume strength training regime in conjunction with 
two core strength exercises performed in a circuit 
manner (Table 2).

Table 2. General strength training characteristics in the three experimental teams

Team Strength Training Type Intensity Strength Training Exercises

Team A Circuit strength training in the field, 10 stations, 
4 sets 10 reps in free weight exercises, 4’ rest 
between sets

Moderate intensity  
(70-80% of 1RM)

Core Strength exercises (2 exercises) + free 
weight exercises: lunge, squats, steps up on 
bench with external weight, pullover, arm curls 
(biceps), triceps, bench press

Team B 4 sets, 5-6 reps, explosive action high execution 
speed

High intensity GSC  
(90% 1RM)

Leg extension, hamstring curl, chest press, calf 
raise, pullover, arm curls (biceps), triceps

Team C 4 sets, 5-6 reps, explosive action high execution 
speed, (alternating with SPS training every  
second strength training session)

High intensity GSC  
(90% 1RM) or SPS

Leg extension, hamstring curl, chest press, calf 
raise, pullover, arm curls (biceps), triceps

GSC: General strength conditioning; SPS: soccer-specific strength; 1RM: one repetition maximum.



Circulating androgens and performance in professional soccer players	 109

Laboratory Measurements

Anthropometry

At each experimental session, height was meas-
ured using a stadiometer (Charder HM0D, Charder 
Electronics CO, LTD, Taiwan) and body weight (BW) 
was obtained using an electronic weight scale (Seca 
Alpha 770, Seca Vogel, Hamburg, Germany). Body fat 
percentage (BF%) was assessed by skinfold thickness 
measurement (Lange Skinfold Caliper, Cambridge 
Scientific Instruments, Cambridge, UK) using the 
4 spot formula by Jackson and Pollock (1978). All 
measurements were made by the same investigator.

Exercise Performance

The jumping (SJ, CMJ) and sprinting ability (10m, 
20m) of the soccer players were assessed with a 
jumping mat (Powertimer, Newtest Ltd., Oulu, Fin-
land) and infrared photoelectric cells (Powertimer, 
Newtest Ltd., Oulu, Finland), respectively, according 
to standard procedures.7 VO2max assessment was 
performed on a motorized treadmill using an auto-
mated gas-analysis system (VMAX29, Sensormedics, 
Yorba Linda, CA), with the use of set procedures of 
a standard protocol.28 Finally, 1RM assessment was 
performed with the use of free weight exercises or 
machine weight exercises (Cybex International, Inc. 
USA) according to suggested procedures.33 

Blood Collection and Analysis

On each test day, venous blood samples were 
obtained following a period of 10-minute rest in a 
lying position. Serum blood samples were collected 
in tubes containing a clot activator and serum gel 
separator and were centrifuged at 3000 rpm for 10 
minutes to separate serum. Serum samples then were 
stored at -20oC till analysis. TT levels were measured 
using the AIA fully automated immunoassay analyzer 
(TOSOH-Eurogenetics). The sensitivity of the assays 
for TT was 7 ng/ml and the intra- and inter-assay 
coefficient of variation was 3.1-5.2% and 2.48-5.99%, 
respectively. FT and 3a Diol G levels were measured 
using an enzyme-linked immune absorbent assay 
(Alpco Diagnostics, Windham, NH). The sensitivity 
of the assay for FT was 0.17 pg/ml and the intra- and 
inter-assay coefficient of variation were 4.7-17% and 
5.3-12.4%, respectively. The sensitivity of the assay 
for 3a Diol G was 0.1 ng/ml and the intra- and inter- 
assay coefficient of variation was 6-7.8 and 6.5-10.8, 

respectively. All procedures were carried out according 
to the instructions of the manufacturer. All samples 
were analyzed in duplicates.

Statistical Analysis

Differences at baseline between the three groups 
in all hormonal, performance, body composition 
parameters, training load, and training volume were 
examined in the context of univariate ANOVAs. When 
equal variance was assumed, Bonferroni adjustments 
were employed, while in cases where assumption of 
homogeneity of variance was violated, the Welch 
test and DunnetT3 adjustment were used. Pearson’s 
(for normally distributed variables) and Spearman’s 
(for non-normally distributed variables) correlation 
coefficients were used to assess the linear relation-
ship between variables. Evaluation of the effects on 
all measured variables in question (performance 
parameters: VO2max, SJ, CMJ, 10m, 20m; body 
composition parameters: body weight, %fat body 
composition; androgen: total testosterone, free tes-
tosterone, 3aDiol) of each training regime over time 
was pursued through a series of two-way 3x3 mixed 
ANOVA with season time (baseline, mid-point, end-
point) as the within subjects variable and training 
regime (Team A representing high training load, 
Team B moderate and Team C low training load) 
as the between-subjects variable. Significance was 
set at p<0.05. Power analyses indicated that for 
the effect size of interactions observed in the study, 
estimated power for detecting significant simple ef-
fects ranged between 0.89 and 0.96 at alpha=0.05. 
Statistical analysis was performed using the software 
program SPSS 19 and power analysis was conducted 
with GPower 3.1.

RESULTS

Differences in performance variables and 
androgen levels between teams at baseline

No significant differences were observed at base-
line between the three experimental groups in any of 
the measured performance (VO2max, SJ, CMJ, 10m, 
20m) or body parameters (weight, fat%). Similarly, 
no significant differences were observed at baseline 
between the three experimental groups regarding 
circulating TT and 3a Diol G. A significant differ-
ence between teams was revealed for FT (p=0.013), 
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with Team A (M=13.70) being different from Team 
C (M=9.26) at ad hoc test comparison (p=0.015; 
Bonferroni adjusted).

Volume and Training Load (RPE)

In order to confirm the intentional differentia-
tion between the three training regimens, one-way 
ANOVAs were used to test volume and training 
load (as expressed by RPE) among the three teams 
within the same training period. As expected (Ta-
ble 3), teams significantly differed both in volume 
(pre-season p=0.001, 1st half of competition period 
p<0.001, 2nd half of competition period p0.001) and 
RPE (pre-season p<0.001; 1st half of competition 
period F: 2,48=1848,63 p<0.001; 2nd half of competi-
tion period p 0.001).

Relationships between changes of performance 
parameters and circulating androgens

A weak significant negative correlation was evident 
between VO2max and 3a Diol G levels (p=0.012) at 
the end of the study in Team B. However, no other 
significant correlation was observed throughout the 
study in Teams A, B, and C between androgens (TT, 
FT, and 3a Diol G) and performance parameters. It 
should be mentioned that analysis of our data revealed 

some p values within the range 0.05<p-value<0.10. 
These insignificant correlations could be a result of 
the sample size. These correlations were between 
TT and both SJ (mid-point: p=0.055, and end-point: 
p=0.077) and CMJ (mid-point: p=0.053) in Team A, 
between 3a Diol G and VO2max (baseline: p=0.075), 
and TT and SJ (end-point: p=0.061) in Team B, and 
FT with both SJ (baseline: p=0.082) and 20m (end-
point: p=0.055).

Performance 

Two-way mixed ANOVAs showed a significant 
interaction between the time points of evaluation 
i.e. beginning of season (early July), mid-point (mid-
January) and end-point (mid-May) and the training 
regime used. As expected there was a considerable 
improvement over time in all performance parameters 
within each experimental team (Table 4). Neuromus-
cular Performance, assayed by SJ and CMJ, showed 
a significant increase (p<0.001) at the mid- and 
end-point measurements compared to baseline and 
a significant decrease (p<0.001) of sprint times (10 
and 20 m) for all three teams, in ad hoc Bonferroni 
adjusted comparisons test of simple effects. In Team 
A, the comparison between mid- to end-point fur-
ther revealed a significant increase in SJ (p<0.001), 

Table 3. Mean weekly values (SD) of Training volume, Training Load, and Monotony during the whole experimental period

Pre-Season 1st Half of the competition period 2nd Half of the competition period

Team A Team B Team C Team A Team B Team C Team A Team B Team C

Volume 

Number of 
training sessions 74 63 52 138 104 86 142 106 88

Session mean 
duration (min)

90.88 
(4.27)

94.39 
(6.60)

85.62 
(5.35)

81.75 
(16.79)

80.33 
(11.75)

73.6 
(15.85)

80.78 
(15.45)

80.11 
(12.34)

74.1 
(15.67)

Mean weekly 
volume (min)

966.69*† 
(35.29)

871.41*# 
(16.84)

653.33*†# 
(12.79)

653.12*† 
(4.33)

481.76*# 
(4.40)

368.41*†# 
(4.32)

653.13*† 
(15.12)

481.41*# 
(8.84)

368.41*†# 
(9.66)

Training Load

Mean weekly RPE 3641.57† 
(387.79)

3614.02# 
(572.30)

2720.43†# 
(151.44)

2871.73*† 
(57.20)

2254.31*# 
(20.71)

2218.42*†# 
(15.67)

2832.25*† 
(76.61)

2258.28*# 
(11.94)

2167.04*†# 
(7.29)

Monotony 1.97 
(0.027)

1.77 
(0.094)

1.88 
(0.14)

1.178 
(0.019)

1.199 
(0.015)

1.084 
(0.024)

1.170 
(0.017)

1.195 
(0.016)

1.087 
(0.014)

Number of 
matches - - - 19 18 18 15 15 16

Mean matches 
RPE

- - - 640.6 
(4.32)

637.3 
(5.12)

638.2 
(487)

640.2 
(4.51)

636.1 
(4.36)

637.8 
(4.98)

* team A vs. team B, † team A vs. team C, # team B vs. team C within the same season training measurement at p <0.05 (equal vari-
ance assumed: Bonferroni adjusted or equal variance not assumed: Dunnet T3 adjusted).
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CMJ (p<0.001), and a significant decrease in 10m 
(p<0.001) and 20m (p<0.001) sprint times at the end 
of the study. No significant differences were revealed 
by the mid- to end-point comparison for any of the 
measured neuromuscular performance parameters 
in Team B (SJ p=0.383, CMJ p=1.00, 10m p=0.126, 
and 20m p=1.00) and Team C (SJ p=0.609, CMJ 
p=1.00, 10m p=1.00, and 20m p=1.00). Maximal Oxy-
gen Consumption: The comparison between baseline 
to mid-point and end-point showed that there were 
significant increases (p<0.001) across all teams in 
VO2max. No significant differences were revealed 
for end- to mid-point comparisons for VO2max in 
Team A (p=0.057), Team B (p=1.000), and Team 
C (p=1.000) (Table 4). Body Composition: The BW 
and BF% assessments throughout the study are also 

presented in Table 4. For Team A (high strength train-
ing stress) and team B (moderate strength training 
stress), ad hoc comparisons between simple effects 
showed significant decreases in BW (p<0.001) be-
tween baseline to mid- and end-point measurements, 
but regarding BF% only Team A exhibited further 
loss of body fat between mid- to end-point (p<0.001) 
in contrast to Team B (p=0.782). For Team C, weight 
loss and body fat reduction were found significant 
only at mid-point to baseline (p=0.008 and p=0.025, 
respectively). 

Endogenous androgen levels

Two-way mixed ANOVA revealed that the main 
effect of training regime (teams) on TT was not sig-
nificant (p=0.117), but a significant main effect of 

Table 4. Comparisons of means (SD) of performance, body composition parameters, and androgen levels by the training regime over time

Team A Team B Team C

pre mid post pre mid post pre mid post

VO2max (ml/kgr/min) 57.67a,b

(2.54)
60.72a

(2.89)
60.94b 
(2.67)

58.30a,b

(3.88)
60.59a

(3.95)
60.66b

(4.12)
56.36a,b

(2.52)
58.61a

(3.12)
58.69b

(3.20)

Jumping ability

SJ (cm) 37.30a,b

(3.08)
40.17a,c

(3.43)
41.70b,c

(3.51)
38.18a,b

(3.03)
41.27a

(3.44)
41.55b

(3.66)
37.55a,b

(3.51)
39.77a

(3.62)
40.00b

(3.46)

CMJ (cm) 39.13a,b

(3.27)
41.96a,c

(4.10)
43.65b,c

(4.58)
40.09a,b

(2.79)
43.18a

(4.12)
43.09b

(4.10)
38.86a,b

(3.93)
40.73a

(3.93)
40.91b

(3.84)

Speed

10m Sprint (sec) 1.79a,b

(0.06)
1.75a,c

(0.06)
1.73b,c

(0.06)
1.78a,b

(0.72)
1.73 a

(0.72)
1.73b

(0.69)
1.79a,b

(0.08)
1.76a 
(0.09)

1.76b

(0.09)

20m Sprint (sec) 3.06a,b

(0.06)
3.03a,c

(0.05)
3.02b,c

(0.06)
3.06a,b

(0.06)
3.01a

(0.06)
3.01b

(0.07)
3.07a,b

(0.07)
3.05a

(0.07)
3.04b

(0.06)

Body composition

BW 79.14a,b

(6.16)
78.10a

(5.82)
77.60b

(5.76)
79.49a,b

(8.96)
78.10a,c

(8.65)
77.50b,c 
(8.07)

79.69a 
(5.48)

78.98a 
(5.41)

79.14 
(5.48)

BF% 11.02a,b 
(4.11)

9.19a,c

(3.9)
6.76b,c

(1.35)
10.41a,b

(4.08)
8.67a

(3.21)
8.97b

(2.93)
9.72a

(2.48)
8.87a

(2.21)
8.98

(2.02)

Androgen levels

TT 604.98a,b 

(141.92)
681.66a,c 
(153.41)

777.04b,c 

(151.52)
686.81 

(124.32)
685.63 

(136.84)
750.64 

(191.47)
622.34 

(125.93)
620.91 

(160.79)
655.78 

(219.47)

FT 13.70 
(5.80)

14.69 

(6.68)
15.58 
(6.16)

10.28 
(5.80)

9.58 
(4.48)

11.72 
(7.34)

9.26 
(3.39)

9.26 
(5.51)

10.07 
(3.69)

3aDiol G 8.43b  
(2.55)

9.20c 
(2.92)

10.42b,c 

(2.67)
8.70 

(2.87)
8.29 

(2.68)
8.45 

(3.13)
9.87 

(5.76)
9.84 

(4.66)
9.70 

(4.92)

Pre: baseline measurement, mid: mid-season measurement, post: post-season measurement, VO2max=Maximal Oxygen Consump-
tion, SJ: Squad jump, CMJ: countermovement jump, BW: body weight, BF%: body fat percent, a: pre vs. mid, b: pre vs. post, c: mid 
vs. post within the same team at p <0.05 (Bonferroni adjusted).
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time on TT was found (p<0.001). The two factors had 
a significant interaction (p=0.018), depicted in Figure 
1 (cell means interaction). Simple effect analysis of 
season within each level of training regime revealed 
a significant difference within Team A (p<0.001), a 
marginal difference within Team B (p=0.051), and a 
non-significant difference within Team C (p=0.427). 
Post hoc comparisons (Bonferroni adjusted) in Team 
A showed significant differences between all season 
comparisons (baseline/mid-point: p=0.024, baseline/
end-point: p<0.001, mid/end-point: p=0.008). Mean 
values of TT by each training regime over time are 
shown in Table 4. The main effect of training regimens 
on FT was significant (p=0.001), while a marginal 
finding of season was found (p=0.044). There was 
no significant interaction between the two factors for 
FT (Figure 1). In contrast, 3a Diol G exhibited a sig-
nificant dependence on the type of training program 
(p<0.001) but not on the time periods (p=0.211). The 
interaction between factors was significant (p=0.024; 
Figure 1), with simple effects showing that only in 
the high training load team (Team A) was the effect 
of time significant (p=0.001). Within this team, post 
hoc test comparisons (Bonferroni adjusted) revealed 
a significant difference between baseline- and mid-
point to end-point values (p=0.001 and p=0.038, 
respectively).

Discussion

The aim of this study was to examine the effects 
of three different seasonal training programs regard-
ing strength volume on hormonal and performance 
parameters in soccer players. Our main finding is 
that the combination of soccer training with general 
and soccer-specific strength training can induce an 
elevation of TT and 3a Diol G. These changes ap-
pear to be mainly related to the volume of strength 
training since they both responded in proportion to 
volume, i.e. the higher the volume of strength training 
(Team A), the higher the resulting alterations. These 
changes in androgen levels do not correlate with any 
of the examined performance parameters. The only 
borderline correlation observed was between 3a 
Diol G to VO2max at the mid-point measurement in 
Team B. Regarding exercise performance and body 
composition variables, all training programs managed 
to induce beneficial alterations in these parameters 

Figure 1. Cell mean interactions by training regimen (high 
strength training stress=Team A; moderate strength training 
stress=Team B, low strength training stress=Team C) over 
time for Total Testosterone (A), Free Testosterone (B), and 
3a Diol G (C). Significant differences were observed only in 
Team A between baseline to mid- and end-point for both total 
testosterone (TT) and 3a Diol G and at the mid- to end-point 
comparison in TT.
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until mid-season, which was retained until the end 
of the season. However, only the high strength train-
ing stress of Team A resulted in further significant 
changes in neuromuscular performance (SJ, CMJ, 
10m 20m), body fat percentage, and body weight in 
the second half of the study. 

To the best of our knowledge, only two published 
intervention studies in soccer exist in the literature.17,40 
Both studies reported comparable results to ours. 
More specifically, the combination of regular soc-
cer training with two40 or three17 strength training 
sessions, during an 11-week in-season and a 12-week 
pre-season period, respectively, managed to increase 
TT resting levels, whereas one session per week did 
not appear to alter TT.17 It should be noted here 
that in our teams the training scheme employed in 
Teams A was composed of three strength training 
session, in Team B two strength training session per 
week while Team C had only one. These similarities 
in the weekly strength training frequency provides 
supportive evidence to our own findings. 

However, the TT changes in Teams A and B were 
evident in a different manner. The high strength stress 
training program employed by Team A managed to 
increase significantly TT resting levels at the mid-
point measurement, followed by a further significant 
increase at the end of the study, whereas players of 
Team B exhibited only a tendency to increase TT 
resting levels, as highlighted by the mean values at the 
end of the study compared to baseline (Table 4). We 
postulate that the TT responses observed in Teams 
A, B, and C were the result of the different strength 
training volume employed by each of the three teams. 
Indeed, the three types of seasonal training programs 
were significantly different in training volume and 
load throughout the study (Table 3). Team A had 
the highest values in these two parameters compared 
to the other two experimental teams, while Team B 
had significantly higher values compared to Team C 
(Table 3). The seasonal training plan was organized in 
such a manner as to differ mainly regarding the weekly 
volume/frequency of the sessions aiming to improve 
general and soccer-specific strength. Regarding the 
other aspects of physical conditioning, the training 
programs employed by Teams A and B were nearly 
identical and slightly differed compared to Team 
C (Table 1). Therefore, the differences observed 

between the weekly training volume and load were 
mainly the result of the different strength training 
stress employed by each team. Confirmation of our 
suggestion of a volume/load-dependant TT response 
comes from the observations of previously published 
studies. It has been reported that strength training 
which results in high volume,32 high intensity,44 and 
high training load24 can increase TT resting levels. 
These changes may occur in response to long21 or 
even short training periods.44 Therefore, we could 
suggest that the higher strength training stress em-
ployed by Team A was more effective in providing a 
sufficient stimulus for a more pronounced TT increase 
compared to the moderate strength training stress 
of Team B. Similarly, Team B’s training program 
managed to provide sufficient stimulus to induce a 
detectable though non-significant elevation in TT 
levels (Table 4, Figure 1) (end of study vs baseline) 
compared to the low strength training stress of Team 
C that did not appear to affect TT levels. It should 
be mentioned that the extra sprint session performed 
on the morning of each match-day in Team A was 
unlikely to make any significant contribution to TT 
response, as it has previously been reported that sprint 
training suppresses TT rather than elevates it.2 The 
elevation of TT observed in Team B at the end of 
the study was not significant, in contrast to what has 
been reported by Pacobahyba et al (2012), who have 
shown that soccer training combined with two strength 
sessions per week can significantly elevate TT levels. 
This discrepancy could be due to the nature of the 
strength training regimes employed by our Team B 
(general and soccer specific strength) and the Paco-
bahyba study in which only general strength training 
was used. It is generally accepted that the mode of 
physical activity can influence hormonal responses 
to exercise training.46 In regard to the unaffected 
androgens levels in Team C, it is well documented 
that one strength session per week does not provide 
sufficient stimulus for TT increase.14,17 Only one re-
cent study with an in-season weekly training regime 
similar to that of Team C showed an elevation of 
TT levels at the end of the competitive season.29 The 
authors suggested that the observed increase in TT 
was due to the reduction of training volume towards 
the end of the season. However, this could not be the 
case in our study since not only in Team C but also 
in all experimental teams training volume was kept 
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constant until the end of the season. Therefore, the 
absence of any periodization in training volume, and 
the low strength training stress employed by this team, 
most probably accounted for the unaffected TT level 
throughout the study.

It should be mentioned that the intervention stud-
ies which reported significant elevations in TT levels 
employed only general40 or special strength sessions.17 
In our study, we used the combination of two types 
of strength training, i.e. general and soccer-specific 
strength sessions. Since it has been well demonstrated 
that the combination of soccer training with only one 
strength training per week does not appear to be 
sufficient to increase the endogenous testosterone 
production,14,17,29 our findings suggest that it was the 
weekly combination of one general with two (Team 
A) or one (Team B) soccer-specific strength ses-
sions provided sufficient stimulus for the significant 
TT increase in Team A and it was enough for the 
observed marginally significant elevation of TT in 
Team B. Despite the lack of publications regarding 
the relationship between soccer-specific strength 
and TT levels, the sub-components of the employed 
soccer-specific strength sessions have been individually 
studied. This kind of training is composed of various 
maximal intensity activities, such as repeated sprints 
in the manner of interval sprint training, eccentric 
movements (turning, changes of direction, acceleration 
and deceleration), plyometrics, and squat exercises 
with or without external weights. It has been found 
that interval sprint training,13 eccentric resistance 
training,49 and exercises using large muscle groups 
such as squats can increase TT levels.48 In regard to 
plyometric training, it has recently been observed9 
that it may decrease, rather than increase, TT levels. 
However, the authors reported that this reduction of 
TT was rather the result of accelerated utilization of 
TT by the tissues and augmented hepatic clearance 
than compromised endogenous production. Based on 
these reports, we hypothesize that all these types of 
training activities which are included in the soccer-
specific sessions if combined with general strength 
sessions could result in a sufficiently high stimulus 
to elevate TT levels. 

The observed changes in TT, apart from the dif-
ferent strength exercise training stress, may also be 
the result of the metabolic demands elicited by the 

three training programs employed, each character-
ized by a specific training volume and load. Indeed, 
according to a number of published studies,20,43,48 
the threshold of TT response appears to be based 
more on the metabolic demand than on the train-
ing regime itself. Extensive literature supports the 
concept that a linear relationship exists between 
energy expenditure, and thus metabolic demands, 
with volume, frequency, and training load.10,26,45 In 
our study, the TT response appears to be linearly 
related to each of these parameters. More specifically, 
the higher volume, load, and frequency of trainings 
increased TT resting levels in Team A, the moderate 
strength training stress tended to increase TT in team 
B, whereas the lowest strength training stress in team 
C did not have any effect. The observed differences in 
endogenous androgen responses between teams may 
well be the result of the different metabolic demands. 
This observation supports the findings of the afore-
mentioned studies20,43,48 as to a threshold response of 
TT regarding energy demands since it appears that a 
linear relationship exist between metabolic demands 
and changes of TT levels. 

Our results demonstrated that none of the three 
different training programs provided sufficient stimu-
lus to significantly change FT levels. In agreement 
with our observations is a recent study in professional 
soccer players reporting that the combination of 
regular soccer training (composed of two strength 
training sessions per week) did not affect FT levels.17 
Evidence from previous studies on strength trained 
individuals showed that FT seems to be affected only 
by heavy resistance exercise of high volume.1,31 This 
hypothesis is partly validated by our findings. The 
higher strength training stress program in Team A 
showed a trend, albeit not statistically significant, of 
increase in FT levels at the end of the study compared 
to baseline. No similar trend was observable in the 
other two teams (lower strength volume) (Table 4, 
Figure 1). However, this higher strength training 
program failed to provide sufficient stimulus for 
a significant increase in FT levels. These different 
observations between the aforementioned studies1,31 
and our own findings could be a result of the differ-
ence in strength training volume between the two 
experimental models and the training status of the 
subjects, parameters that have been reported to be 
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of paramount significance in the effect of exercise 
on endogenous androgen production.46

Our data regarding the changes of 3a Diol G dur-
ing the training period in Team A support our TT 
findings. The significant changes of 3a Diol G levels 
detected in this team followed a similar pattern to 
the changes in TT levels, i.e. its levels increased at 
mid and end of the season compared to baseline in 
Team A. This observation suggests that the higher 
strength training program employed by Team A ac-
celerated both the production and activation rates 
of testosterone. However, the observed elevation 
of 3a Diol G, indicative of activated testosterone,34 
did not appear to have any statistically significant 
repercussions on ergometrics, suggesting a more 
subtle effect. Furthermore, it should be mentioned 
here that our study is the first involving professional 
athletes tested for the effect of training on 3a Diol 
G. The only other available data regarding 3a Diol 
G response to exercise is from a study performed in 
elderly and middle-aged men.25 The authors reported 
that a 12-month training period failed to document 
any significant change in 3a Diol G levels, a finding 
which is in agreement with our results obtained from 
Teams B and C, i.e. from the teams with the lower 
volume of training. Thus, we postulate that the lower 
level of strength training stress does not change the 
rate of testosterone activation in contrast to the higher 
level of strength training stress used in Team A. The 
higher training stress in Team A may have induced 
activation of testosterone, the first step of which is 
its conversion to its biologically active compound 
DHT (dihydrotestosterone). This may be responsible 
for the alterations of the ergometrics that we have 
observed, since DHT has been shown to be associ-
ated with fast twitch muscle fibers, muscle strength, 
and body fat percentage,50 parameters that directly 
affect exercise performance.23,35,39 Furthermore, the 
elevation of 3a Diol G levels indicates a positive ana-
bolic effect, since this metabolite is a marker of the 
total androgen pool and an indicator of peripheral 
activation of androgens.34 Overall, the importance of 
this finding is based on the fact that apart from an 
induced adaptation leading to increased endogenous 
TT production at the end of the study in Team A, 
there was a further unique adaptation, an augmented 
peripheral activation of testosterone.

In agreement with the majority of the available 
evidence,4,7,11,17,28,38,42 all examined performance param-
eters exhibited significant improvements at mid-point 
compared to baseline in all teams, and this effect was 
retained until the end of the study. However, only in 
Team A did we observe a further significant improve-
ment in SJ, CMJ, 10m and 20m capacity in the second 
half of the study. These considerable improvements 
in exercise performance until mid-point and their 
maintenance until the end of the season indices is a 
result of a combined effect of the pre- and in-season 
conditioning in conjunction with the competitions’ 
training stress.7,12,42 Overtraining or suboptimal aerobic 
loading and lack of sprint and strength sessions can 
counteract these effects.7,29 However, in our study we 
had no evidence of any overtraining since “training 
monotony” values were below the suggested level of 
two indicatives of overtraining2 (Table 3). In addi-
tion, aerobic loading was kept constant throughout 
the study, while strength and sprint sessions were 
included in the weekly training plan (Tables 1, 2).

The further enhancement in jumping (SJ, CMJ) 
and sprinting (10m, 20m) ability in Team A in the 
second half of the in-season period was most likely 
a result of the higher employed volume of both SPS 
and sprint sessions in this team compared to Teams 
B and C (Table 1). It has recently been suggested12 
that a moderate frequency of plyometrics (twice per 
week), similar to the volume used in our SPS regimes 
in Team A, is more effective in promoting jumping 
ability compared to the lower frequency (once per 
week) used in Teams B and C. Furthermore, a similar 
weekly sprint training volume (three sessions per 
week) as that employed by Team A (Table 1) has 
been found to produce beneficial adaptations in the 
muscle function, which is translated into an increased 
SJ and CMJ performance.37 This increased jumping 
ability could be the reason for the observed increase 
in sprint performance in Team A. Indeed, it is well 
established that jumping ability is strongly related 
to sprint performance41 and, moreover, increases in 
sprint performance occur concomitantly with the larg-
est increases in jumping ability in soccer players.17,42

Another possible mechanism responsible for this 
increase in jumping and sprinting ability in the second 
half of the study in Team A could be related to the 
reduced BF% in this team during this period (Table 
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4). Indeed, it has been well demonstrated that both 
jumping ability and sprint performance improve-
ments are significantly associated with a reduction in 
BF%.11,39 Moreover, it has previously been reported 
that competitive soccer players with a lower BF% 
invariably show better sprint performance.7

In conclusion, our findings suggest that, provided 
that the volume and load of the training is up to a 
certain level, a combination of soccer training with 
general strength and soccer-specific strength training 
can affect the circulating endogenous androgens TT 
and 3a Diol G but not FT. Indeed, we have found that 
the training scheme employed by Team A resulted in 
an elevation of TT and in a simultaneous increase in 
its activation as expressed by the elevated levels of 3a 
Diol G. The observed effects appear to be volume-
dependant, since the two teams with the lower volume 
did not have similar results to those of Team A. As 
expected, aerobic capacity in all experimental teams 
increased up to mid-season and thereafter plateau till 
the end of the competition period. Regarding neu-
romuscular performance, our findings indicate that 
despite the differences in the training schemes used, 
it increased in a similar manner until the first half of 
the season. Interestingly, the high strength training 
stress induced a further and significant increase till 
the end of the competition season. It is our opinion 
that the elevation of endogenous androgens as a re-
sult of the volume of strength training indicates that 
the only method to improve athletic performance is 
hard training. There are no substitutes or shortcuts. 
If the organism needs more androgens it will produce 
them endogenously.
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