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Abstract

The aim of this study was to examine the effect of a supervised 6-week detraining period on bone metabolism markers, and
their association with ergometrics, and components of the hypothalamic—pituitary—gonadal (HPG) axis in elite male profes-
sional soccer players. Sixty-seven soccer players (mean age +SD 23.4 +5.2 years) that were following a supervised training
program participated in this study. Players were tested twice: immediately after the conclusion of the competition period, and
following the detraining period, for the determination of bone-turnover rates, ergometrics, and components of the HPG-axis.
The detraining period resulted in significant reduction in osteocalcin [OC] (p <0.001), C-terminal propeptide of collagen
type-I [CICP] (p =0.002), and bone-alkaline-phosphatase [b-ALP] (p <0.001) values, while C-terminal telopeptide [CTX]
was increased (p <0.001). No significant relationships were apparent between bone biomarkers and body weight, body-fat
%, total testosterone, free testosterone, estradiol, follicle-stimulating hormone, and luteinizing hormone in both experimental
sessions (p > 0.05). Similarly, despite the deterioration in ergometrics after detraining (all p <0.001), no significant correla-
tions were evident (p > 0.05) between bone biomarkers and maximal oxygen consumption, squat jump, countermovement
jump, and 20 m sprint performance, and also between % change of bone biomarkers and ergometrics, apart from a weak
relationship (p =0.041) between OC and VO,max of questionable value. Our results suggest that the 6-week soccer off-
season detraining period in our study negatively affected bone physiology as reflected by the suppression of bone-formation
rate and a parallel induction of bone resorption. The cause of this acute alteration of bone-turnover rates is not related to the
examined components of the HPG-axis, although parallels is not associated with the changes in ergometrics.
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Introduction

The contribution of physical activity to optimal bone min-
eral density (BMD) is well established [1]. Exercise training
beneficially affects BMD, whereas subsequent training ces-
Electronic supplementary material The online version of this sation and/or reduction tend to counteract this effect [1-3].
article (https://doi.org/10.1007/500774-018-0947-7) contains However, BMD, as measured by dual-energy X-ray absorp-
supplementary material, which is available to authorized users. tiometry (DEXA), responds slowly and cannot reflect short-
term effects of exercise or the lack of it on bone physiology.
On the other hand, markers of bone metabolism respond
immediately to changes in physical activity levels and thus
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However, limited and inconsistent evidence exists regard-
ing the effect of short-term detraining on bone metabolism
markers and even less in elite competitive athletes [3]. Sar-
torio et al. [5] failed to observe any significant variation
in bone turnover markers between the competition and the
rest periods in various professional male and female ath-
letes including soccer players, followed-up for a period of
6 months. On the contrary, training reduction during the off-
season soccer period resulted in induction of bone formation
attributed to a reduction of the in-season training volume,
intensity, and the stress of the competition indicating the
reversibility of exercise training on the skeletal system [6, 7].
However, the inferences drawn by these two studies are con-
strained by a variety of restrictive factors. More specifically,
the mode, volume, and intensity of the performed exercise
training regimes during the off-season period, and the time-
frame between the last training session and blood collection,
which are all parameters that are related to the response of
bone turnover markers [1, 3, 8], were not reported by the
authors. In particular, it has been observed that depending
on the type, volume, and intensity of the performed activ-
ity, circulating bone markers’ levels could be altered even
3-5 days after the last training session [1, 3, 8]. Lastly, in
the study by Karlsson et al. [6], blood sampling was not col-
lected at a fixed time of each day, a practice introducing an
additional variability since markers of bone turnover exhibit
a diurnal periodicity [9].

Other parameters that have been proposed to affect bone
metabolism markers are the components of the hypotha-
lamic—pituitary—gonadal axis (HPG). There is a plethora
of scientific evidence suggesting that estrogens, and mainly
estradiol (E2), may be important in the regulation of bone
resorption, whereas both E2 and androgens may play an
important role in the maintenance of bone formation markers
in the elderly and healthy male individuals [10-12]. How-
ever, these findings are not universal. Studies on elderly indi-
viduals, adolescent and collegiate athletes, and chronically
trained middle-aged men failed to observe any association
between bone metabolism markers and total testosterone
(TT), free testosterone (FT), follicle-stimulating hormone
(FSH), and luteinizing hormone (LH) [10-12]. The latter
evidence questions the association between sex steroids and
bone turnover markers. This discrepancy is more evident in
young and well-trained individuals, suggesting that in this
type of population, there seems to be a lack of an association
between bone turnover markers and sex steroids.

Based on these data, the aim of the present study was
to examine the effect of the specific soccer off-season
detraining period on bone turnover markers and specifi-
cally on C-terminal telopeptide (CTx), osteocalcin (OC),
bone-alkaline-phosphatase (b-ALP), and C-terminal propep-
tide of collagen type-I (CICP), under close scrutiny of the
performed exercise activities regarding both intensity and

volume. Furthermore, we examined whether the respective
values of the components of the HPG axis—TT, FT, E2,
FSH, and LH—correlated with the examined bone turno-
ver markers in the two experimental sessions. Our working
hypotheses were that the reduction in training stress could
affect bone turnover markers in favor of bone resorption,
whereas these markers would not show any association with
sex steroids. Furthermore, since some evidences indicate
that bone metabolism markers could be related to the level of
performance [13, 14], we examined whether this association
is evident between bone turnover markers and some physi-
cal performance fitness-related variables (maximal oxygen
consumption [VO,max], sprint performance, and jumping
ability).

Materials and methods
Participants

Seventy-seven professional male soccer players, members of
three Greek Superleague teams, which were under regular
and invariable training for more than 5 years, were evalu-
ated for potential inclusion in the study. Exclusion criteria
were as follows: (a) any medical or endocrine disorder that
could affect their ability to participate in the study and/or
affect bone-turnover rates and the HPG axis; (b) suspicion or
laboratory evidence of use of exogenous legal or illegal hor-
monal agents or other illicit substances; (c) players whose
contracts were ending before the end of the study; and (d)
failure to perform the instructed off-season training regime.
As a result of the criteria ¢ and d, a total of ten athletes were
excluded from the study. The final number of the participants
of the study was 67 professional male soccer players [age
25.85+6.35 years (mean+ SD) and height 1.81+0.05 m
(mean + SD)].

Ethics statement

Before testing, verbal explanation was given to each player,
concerning the aim of the study and the testing procedures,
and written informed consent was obtained. The study was
performed in strict accordance with the ethical guidelines of
the Helsinki Declaration and was approved by the Ethical
Scientific Committee of the University Hospital of Herak-
lion, Greece.

Training prescription during the off-season period
The duration of the off-season transition period was set to
6 weeks, starting at the end of the competition period. Dur-

ing this recuperation period, participants were instructed
to avoid any kind of exercise training for the first 2 weeks.
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After this 2-week period, they were instructed to perform
low-intensity aerobic running (50-60% of VO,max) of
20-30 min total duration (30, 20, 2x 15, 3 x 10, 2 x 10)
three times per week, divided by minimum 1 day of rest.
This type of activity was selected by the team coaches. All
players were tested at two different occasions. The first
experimental testing took place 3 days after the end of the
competition period in May (pre). The second experimental
testing was performed at the beginning of July (post). The
first day of each experimental period, after a 12 h overnight
fast, anthropometric characteristics were measured (08:30
am) and venous blood samples were obtained from 09:00 to
10:30 am for the determination of the bone turnover mark-
ers and the levels of the components of the HPG axis. In the
afternoon of the same day (17:00 pm), players were tested
for squat jump (SJ), countermovement jump (CMJ), and
20 m sprint performance. The second day of each experi-
mental session, starting at 09:30 am, our participants were
tested for the determination of VO,max. All measurements
were performed during the two 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 vari-
ables. To ensure that our participants would perform the
instructed training regime during the last 4 weeks of the
detraining period, all native players were performing the
training sessions in specific days under the supervison of
their conditioning coach (n=57). All the other players
(n=10) were provided with the adequate equipment for the
recording and the storage of both the duration and the inten-
sity of the performed training sessions (Polar RS400, Polar
Electro, QY, Finland). In addition, players were instructed to
perform the last training session 5 days prior to the second
experimental testing, i.e., immediately before the beginning
of the pre-season preparation period. Detailed nutritional
guidelines were given to all players to ensure a high (> 55%)
carbohydrate dietary intake during the study, including a list
of a variety of foods, based on individual resting-metabolic
rates and the calculated daily-energy expenditure as per
reported activities [15]. Apart from the provided nutritional
guidance, players were instructed to avoid the consump-
tion of any Vitamin D-containing food and calcium supple-
ments and furthermore, the consumption of any performance
enhancement supplements throughout the whole detraining
period.

Anthropometric measurements and body
composition

Height (m) was measured using a stadiometer (Charder
HM210D, Charder Electronics CO, LTD, Taiwan) and
weight (kg) was obtained using an electronic weight scale
(Seca Alpha 770, Seca Vogel, Hamburg, Germany). Body-fat
percentage was assessed by skinfold thickness measurement
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(Lange Skinfold Caliper, Cambridge Scientific Instruments,
Cambridge, UK) according to set procedures [15].

Measurement of bone turnover markers

Bone-alkaline-phosphatase (b-ALP; U/L) was measured
in serum by an immunoenzymatic assay with the Access
Immunoassay System (Beckman Coulter, France) with an
intra- and inter-assay CV < 10%. Osteocalcin (OC; ng/mL)
was measured in serum by a two-site ELISA recognizing
both the intact and the N-terminal mid fragment (N-MID®
Osteocalcin Elisa, Nordic Bioscience Diagnostics A/S) with
intra- and inter-assay CV < 10%. C-terminal propeptide
(CICP; ng/mL) was measured in serum by an enzyme-linked
immunoassay (ELISA, METRA® CICP EIA Kit, Quidel)
with an intra- and inter-assay CV below 10%. Carboxy-
terminal telopeptide of type I collagen (CTX; ng/mL) was
measured in serum by the Elecsys -CrossLaps assay using
the ECLIA Elecsys autoanalyzer. The intra- and inter-assay
CVs were < 5%. All the samples were analyzed in duplicates.

Measurement of sex steroid levels

Total testosterone (ng/mL), E2 (pg/mL), LH (IU/L), and
FSH (mIU/L) concentrations were measured using AIA 21
fully automated immunoassay analyzer (TOSOH-Eurogenet-
ics Tokyo, Japan). Free testosterone (pg/mL) was measured
using enzyme-linked immunoabsorbent assays (Alpco Diag-
nostics, Windham, NH). The sensitivity of the assays for TT,
E2, LH, and FSH was 7 ng/mL, 25 pg/mL, 1.0 IU/L, and
0.2 mlU/L, respectively. The intra- and inter-coefficients of
variation were 3.1-5.2% and 2.48-5.99% for TT, 2.6-6.1%
and 3.8-9.1% for E2, 1.5-2.6% and 4.3-5.6% for FSH, and
1.8-2.5% and 2.1-2.7% for LH. The sensitivity of the assays
for FT was 0.17 pg/mL while the intra- and inter-coefficients
of variation were 4.7-17% and 5.3-12.4%. All procedures
were carried out according to the instructions of the manu-
facturer. All samples were tested in duplicate.

Ergometry tests

The jumping (SJ, CMJ) and sprinting (20 m) abilities of the
soccer players were assessed with a jumping mat (Power-
timer, Newtest Ltd., Oulu, Finland) and infrared photoelec-
tric cells (Powertimer, Newtest Ltd., Oulu, Finland), respec-
tively, according to standard procedures [15]. Maximal
oxygen consumption (VO,max) assessment was performed
on a motorized treadmill using an automated gas-analysis
system (VMAX?29, Sensormedics, Yorba Linda, CA), with
the use of set procedures of a standard protocol [15].
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Statistical analysis

Statistical analysis was performed using software program
SPSS 20.0. Results are presented as mean + SD. The distri-
bution of variables was tested by the Shapiro—Wilk statistical
method. Then, Pearson’s (for normally distributed variables)
and Spearman’s (for non-normally distributed variables)
correlation coefficients were used to assess the linear rela-
tionship between quantitative variables at an alpha level of
significance p <0.05. The changes between the experimental
periods in the measured parameters within the groups were
analyzed by the paired-samples ¢ test for normally distrib-
uted data, and by Mann—Whitney U test for non-normally
distributed data with Bonferroni adjustment to control the
Type-1 error rate. Results were considered significant at
a level of significance p <0.0033 (¢=0.05/15). Addition-
ally, effect sizes were calculated and classified to determine
the magnitude of changes among experimental condi-
tions as proposed by Cohen [16]: small d <0.50, moderate
d=0.50-0.80, and large d > 0.80. Statistical power analysis
was performed (Stata 13 software, StataCorp LP, USA) to
attain 80% power. Analysis was carried out at a confidence
level =95% and confidence interval =13.6 [16]. Our calcu-
lations showed that a sample size equal to 45, much lower
than ours, i.e., n=67, was needed to attain 80% power to
detect any differences in changes of the measured variables
between the two experimental sessions.

Results

Changes in bone metabolism markers, body
composition, ergometrics and sex steroids

Our findings revealed that the 6-week detraining period
resulted in significant reductions in all measured bone
formation markers (OC; p <0.001, b-ALP; p<0.001, and
CICP; p=0.002) at the end of the study compared to base-
line (Table 1; Fig. 1), while the examined bone resorption
markers CTx exhibited a significant increase (p <0.001).
Notably, the obtained pre- and post-bone marker values

were all within normal reference range (OC 24-70 ng/mL,;
b-ALP:15-41 U/L; CICP 76-163 ng/mL; CTx; 0.02-0.87 ng/
mL), and bone turnover was higher prior to the detraining
period compared to the end of the study (Table 1). Nota-
bly, according to evidence, active male soccer players have
higher bone turnover than age-matched healthy controls [1,
7]. The observed % mean change in each bone marker at the
end of the study was 35.9%, 29.3%, and 15.08% reduction
for OC, b-ALP, and CICP, respectively, and a 15.2% increase
for CTx (Fig. 2).

Analysis of our data failed to reveal any significant
alteration in body weight (77.68 +7.06 vs. 79.08 +7.24;
p>0.0033) and body-fat % values (8.81 +£2.96 vs. 9.69 +3.1;
p>0.0033) despite a slight increase in both examined body
composition parameters at the end of the study compared
to baseline.

In regard to sex steroids, no significant changes were
observed between their baseline values and those at
the end of the study in any of the TT (652.08 +141.81
vs. 637.55+133.91 ng/mL, respectively; p>0.0033),
FT (10.63+4.63 vs. 11.16 +£5.58 pg/mL, respectively;
p>0.0033), E2 (27.92 +13.72 vs. 24.84 +12.85 pg/
mL, respectively; p>0.0033), LH (4.76 +1.95 vs.
4.75+1.60 TU/L, respectively; p>0.0033), and FSH
(6.84 +£5.45 vs. 6.39+4.54 mIU/L, respectively; p >0.0033).

Lastly, analysis of our findings revealed that the detrain-
ing period resulted in reduced (Table 2) VO,max (p <0.001),
ST (»p<0.001), and CMJ (p <0.001) values, while 20 m
sprint times were significantly increased (p <0.001).

Correlations between bone metabolism
markers with body composition, sex steroids
and ergometrics

Analysis of our findings failed to reveal any significant
correlations between TT, FT, E2, LH, and FSH, and bone
turnover markers (p > 0.05). Similarly, no significant corre-
lations were evident between body-weight, body-fat % and
the ergometrics VO,max, SJ, CMJ, and 20 m sprint with the
examined bone metabolism markers (p > 0.05). In addition,
no significant correlations were evident between % change

Table 1 Alterations in bone

. ) Bone metabolism markers Post p value Effect size (d)
metabolism markers during the
study (mean+SD) Bone formation markers
OC (ng/mL) 20.02+17.60 12.82+9.75 p<0.001 d=0.50
b-ALP (ng/mL) 36.86+17.93 28.15+15.88 p<0.001 d=0.51
CICP (ng/mL) 136.26+41.48 113.77+15.88 p=0.002 d=0.56
Bone resorption marker
CTX (ng/mL) 0.74+0.22 0.86+0.19 p<0.001 d=0.54

OC osteocalcin, b-Alp bone-alkaline-phosphatase, CICP C-terminal propeptide of collagen type-I, CTX

C-terminal telopeptide
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ALP Change % mean change in bone-alkaline-phosphatase levels, %
CICP Change % mean change in C-terminal Propeptide of Collagen
Type-1 levels, %CTx Change % mean change in C-terminal telopep-
tide levels

of osteoblast-related proteins OC, and b-ALP. No association
was observed between both ergometric and sex steroid levels
with bone turnover markers, apart from a weak association
between the % changes in OC and VO, max of questionable
value. Our findings suggest that the observed alterations in
the examined bone turnover markers do not appear to involve

Table 2 Alterati.ons in Ergometrics Pre Post p value Effect size (d)
ergometrics during the study
(mean +SD) VO,max (mL/kg/min) 59.8+3.40 57.46+3.11 p<0.001 d=0.71
SJ (cm) 40.2+3.40 37.67+3.18 p<0.001 d=0.76
CMJ (cm) 41.53+3.68 39.31+3.35 p<0.001 d=0.61
20 m (s) 3.02+0.65 3.06+0.65 p<0.001 d=0.56

VO ,max maximal oxygen consumption, SJ squat jump, CMJ countermovement jump, 20 m 20 m sprint
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the HPG axis and are not related to the examined soccer
performance indices and body composition variables.

Our observations are comparable with the findings of the
only two, to the best knowledge of the authors, available
studies in soccer [6, 7]. Weiler et al. [7] reported that an
eight-week off-season soccer period resulted in increased
CTx levels whereas, the measured bone formation marker
N-terminal propeptide of type I procollagen (PINP) exhib-
ited a decrease in its values. Similarly, Karlsson et al. [6]
showed that the four-week off-season transition period
resulted in an increase of bone resorption, as reflected by the
changes in CTx, and a parallel decrease in bone formation
markers, total alkaline phosphatases (t-ALP), and carboxy-
terminal propeptide of type I collagen (PICP) but not in OC
levels. This lack of response regarding OC was attributed
to the different analytical methods used by measuring the
specific bone marker, which recognize different OC-derived
fragments and have been suggested to limit the use of OC
in bone-status assessment due to an induced variability in
the obtained results [1]. The aforementioned studies and
our own finding clearly suggest that, in soccer, short-term
detraining periods do negatively affect bone metabolism, in
favor of resorption. Notably, although in accordance with
the available literature, the observed biomarkers’ levels were
within normal range at both experimental sessions, bone
turnover was higher prior to the detraining period compared
to the end of the study [1, 3, 6, 7]. It should be highlighted
that this observed bone biomarkers’ response could not be
able to lead in the occurrence of stress fractures since, apart
from the fact that this effect was within normal physiological
range, the mechanical loading was extremely decreased dur-
ing this period suggesting the absence of excessively repeti-
tive loads on the bone that could result in fatigue-induced
bone microdamage and consequently stress fractures.

Although the mechanisms underlying these findings have
not yet been clearly established, it could be hypothesized
to be related to the transition from a long-term in-season
soccer period of continuous training and competitions to
a period characterized by an enormous reduction in train-
ing load, intensity, frequency, and volume of the performed
activities, and in the employment of a single non-impact
type (mode) of exercise. It is well demonstrated that train-
ing intensity, volume, and frequency are the most important
parameters affecting the response of bone biomarkers to
exercise [17-19]. Furthermore, the combination of running
and resistance-type of activities, as is regularly evident in
soccer trainings and competitions [20], is more effective in
enhancing bone turnover than when performed in isolation
[17, 18]. Therefore, we could hypothesize that the reduction
in mechanical loading due to the reduced volume, frequency,
intensity, and also mode of performed activities (i.e., only
low-intensity running) could have resulted in a reversibility
on bone metabolism leading to reduced bone formation and

increased bone resorption [1, 17, 18]. This hypothesis is
supported by the observed decrease in bone formation and
increase in bone resorption in soccer players [6, 7] and elite
rowers [21] after the off-season period of reduced activity
between two competition seasons, and furthermore, in astro-
nauts after a few weeks of space flight [17]. These findings
suggest that bone-turnover reversibility is rapid and pro-
found when mechanical forces acting on the skeleton are
markedly diminished.

One of the aims in our study was to control several limita-
tions that were constraining factors in the inferences drawn
by the two soccer-detraining studies [6, 7]. More specifically,
although it is most likely that training activity exhibited a
massive reduction during this period in these two studies, the
employed training regime was not recorded. Furthermore,
the volume, intensity, and mode of the performed activities
were neither controlled nor reported. Since aerobic and/or
resistance exercise might affect serum—bone metabolism
markers’ levels after 3—5 days of recovery [21], the lack of
controlling these parameters could have interfered with their
findings. In addition, in the study of Karlsson and associates
[6], the participants were allowed to consume breakfast, and
the blood samples were not collected exactly at the same
time of day are factors that have been reported to affect the
serum levels of bone biomarkers [4]. In our study, training
volume and intensity were controlled. The last training ses-
sion was performed maximum 5 days prior to each testing,
and blood samples were obtained after an overnight fast in
the same time of day to avoid any diurnal variability in the
obtained results. Based on our observations that were not
constrained by the aforementioned limited factors, our find-
ings provide further affirmation to the suggestion that even
short-term detraining periods in soccer have a negative effect
on bone turnover in favor of resorption.

Although, OC and CTx have been previously studied
during short-term soccer-detraining periods, we provide for
the first time, to the best of our knowledge, evidence for a
reduction in b-ALP and CICP. It is well known that b-ALP
is the most widely used bone metabolism marker, since it is
involved in all phases of bone mineralization which provides
a specific indicator of osteoblast activity, and is one of the
most sensitive bone turnover markers to alterations in exer-
cise training volume [1, 22]. On the other hand, changes in
bone biomarkers based on collagen fragments, such as CICP,
are not always observed [23, 24]. It has been suggested that
it takes 6-9 months prior to an observable response in bone
formation markers based on collagen fragments [25]. There-
fore, it could be argued that for CICP, the timeframe of our
study may have been too short. However, our findings are in
accordance with a study on adolescent boys (15-17 years)
showing CICP to respond already after a 5-week training
intervention [26], which is well in line with the timeframe
used in the present study. The importance of our findings
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regarding CICP is based on the suggestion to be a sensitive
marker that is generated from newly synthesized collagen,
linked to bone growth and formation, and being indicative
of collagen production in vivo [27]. Therefore, the short
detraining period, apart from the effects on the two osteo-
blast-related proteins OC and b-ALP, it affects, in a similar
manner, the bone biomarkers based on collagen fragments.

In agreement with the available literature, the off-season
detraining period negatively affected exercise performance
indices [28]. Interestingly, although this expected perfor-
mance deterioration was found concomitantly with the
negatively altered bone turnover markers, no relationship
was evident between bone metabolism and the level of per-
formance as indicated by the ergometrics (VO,max, 20 m
sprint, SJ, CMJ). Our findings do not support the observa-
tion that the level of aerobic performance is associated with
bone turnover markers [13], and the reports showing a close
relationship between optimal bone status and ergometrics
in young [28] and elderly [14] populations of both genders,
and young female handball players [29]. Notably, although
there is evidence indicating that bone turnover markers are
related to time to exhaustion in soccer [13], this specific
measure serves as an indirect indicator of aerobic capac-
ity, and not VO,max. In addition, although an association
between VO,max and b-ALP was observed in a study on
both genders, this was not evident when only males were
included in the regression analysis [28]. Lastly, the evi-
dence that shows that there is a close association between
strength, jumping ability, and sprint performance to bone
status [28-30] derives from studies that have examined
BMD and bone mass, which as indicators of bone status
respond slowly and cannot reflect short-term effects of exer-
cise or the lack of it on bone physiology. Therefore, based
on our findings, we could speculate that in professional male
soccer players, exercise performance indices are not related
to bone biomarkers. This is further supported by the obser-
vation that even when associations between the % change
between bone markers and ergometrics were examined, no
relationships were evident, apart from a weak statistically
significant relationship of OC with VO,max of question-
able value due to the limited suggested power of this marker
in bone status assessment [1]. Overall, these findings are
in accordance with the suggestion that physical condition
level is only weakly, if at all, correlated with bone forma-
tion [26]. These findings suggest that bone turnover is not
actually related to performance level and/or measures such
as ergometrics, but rather to the characteristics of the per-
formed exercise. Support to this suggestion comes from the
findings that in different types of populations of all ages
and of various activity profiles, regardless of their level of
performance, the employment of weight-bearing activities
of increased volume, intensity, and training frequency results
in positively altered bone turnover [1, 4, 17].
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Although our findings regarding the gonadotropins (LH,
FSH) and FT are in agreement with the extremely lim-
ited available evidence [11, 31, 32] that failed to reveal
any relationship of these hormones with bone metabolism
markers [12], the observations regarding the effects of E2
and TT on bone biomarkers add to the existing controversy
[10, 12]. Indeed, although studies on elderly individuals
and healthy adults [10, 11] indicate that changes in E2
are strongly related to bone resorption, and that both E2
and TT play an important regulatory role in the mainte-
nance of bone formation [11], evidence from well-trained
collegiate and middle-aged males failed to support these
suggestions [10, 11, 31, 32]. Since both age and physical
status of the participants are vital parameters that affect
bone metabolism [1, 4], our findings indicate that in well-
trained professional soccer players, E2 and TT do not seem
to play a regulatory role in bone metabolism, suggesting
that the observed negatively affected bone turnover in
short detraining periods is not a physiological alteration
induced by sex steroids, but an effect of the reduced train-
ing stress. This is further supported by the findings that
despite the altered bone turnover, in support to available
bibliography, no alterations were evident in sex steroids
levels during the study [15, 16]. However, we could not
exclude the possibility that in long-detraining periods, sex
steroids could play a significant role in the modulation of
bone metabolism, since the HPG-axis could be less sensi-
tive than bone turnover markers in short-term reductions
in training stress.

In conclusion, our findings provide supportive evidence
to the suggestion that a short-term off-season soccer-
detraining period affects bone turnover rates in favor of
resorption in professional soccer players and results in the
decline in the measures of both the osteoblast-related pro-
teins (OC, b-ALP), and the examined one of newly synthe-
sized collagen (CICP). These alterations were not related
to the observed changes in ergometrics. Similarly, no rela-
tionship was observed between bone biomarkers and sex
steroids, suggesting that these hormones do not play the
main regulatory role in bone health during short-detrain-
ing periods. Future research should examine whether this
lack of association in professional soccer players between
sex steroids, ergometrics, and bone turnover also persists
over longer periods of detraining.
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