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Abstract Physical exercise promotes many health bene-
Wts. The present study was undertaken to assess possible
semen and hormone diVerences among physically active
(PA) subjects and sedentary subjects (SE). The analyzed
qualitative sperm parameters were: volume, sperm count,
motility, and morphology; where needed, additional testing
was performed. The measured hormones were: follicle-
stimulating hormone (FSH), luteinizing hormone (LH), tes-
tosterone (T), cortisol (C), and the ratio between T and
C (T/C). Maximum oxygen consumption was also assessed
to check for diVerences in Wtness level. Statistically signiW-
cant diVerences were found for several semen parameters
such as total progressive motility (PA: 60.94 § 5.03; SE:
56.07 § 4.55) and morphology (PA: 15.54 § 1.38, SE:

14.40 § 1.15). The seminological values observed were
supported by diVerences in hormones, with FSH, LH, and
T being higher in PA than in SE (5.68 § 2.51 vs.
3.14 § 1.84; 5.95 § 1.11 vs. 5.08 § 0.98; 7.68 § 0.77 vs.
6.49 § 0.80, respectively). Likewise, the T/C ratio, index of
anabolic versus catabolic status, was also higher in PA
(0.46 § 0.11 vs. 0.32 § 0.07), which further supports the
possibility of an improved hormonal environment. The
present study shows that there are diVerences in semen and
hormone values of physically active subjects and sedentary
subjects. Physically active subjects seem to have a more
anabolic hormonal environment and a healthier semen pro-
duction.

Keywords Male fertility · Seminological proWle · 
Hormonal proWle · Exercise · Sedentary · Physical activity

Introduction

There is growing concern on sperm quality since documen-
tation and research exists stating a declining trend in semen
quality over the past 50 years onwards (de Mouzon et al.
1996; Carlsen et al. 1992; Merzenich et al. 2010). This
decline is associated with many external agents such as envi-
ronmental pollutants and xenoestrogens, as well as with
inherent daily activities related to one’s profession (pesticide
exposure, solvents in paints, extended sitting periods, high
temperature exposure) or to lifestyle and leisure activities
(cell phone use, laptop use, cigarette and alcohol consump-
tion, sauna and hot tub use) (Mendiola et al. 2009; Pacey
2010). Moreover, decreased semen quality has been related
to high training loads (Vaamonde et al. 2009a).

It is accepted that physical exercise’s main objective is
the increase and improvement of physical performance of
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the practitioners regardless of their performance level, as
well as Wtness maintenance. Furthermore, a physically
active lifestyle is recommended for preventing systemic ill-
nesses such as obesity and associated pathologies, cardio-
vascular diseases, etc. Moreover, it is also recommended
for an improvement in quality of life due to prevention of
muscle loss, decrease in bone mineral density loss, and falls
in the elderly (Pedersen and Saltin 2006). However, not
having a proper knowledge of how this task must be under-
taken might lead to negative side eVects, injuries or ill-
nesses, especially associated with high training loads.
When training becomes prolonged and excessive, or when
recovery is insuYcient or improperly managed, many of the
physiological changes associated with physical training,
instead of being favorable to the organism, are reversed in
what is termed as overreaching/overtraining status (Fry
et al.1998; Jürimäe et al. 2011).

Exercise produces a wide array of systemic and endo-
crine changes. Of all the changes induced by exercise in
sportsmen, there are many studies dedicated to assessing
changes at the sympathetic suprarenal and the hypotha-
lamic–pituitary levels of the endocrine system, and also at
the reproductive system as observed by menstrual distur-
bances and semen alterations (Ronsen et al. 2001; Duclos
et al. 1996; Hackney et al. 1988, 1990, 1998; Loucks 2001;
Loucks et al. 1989; Vaamonde et al. 2006, 2009b). Some
studies have reported decrease in T values when athletes
undergo chronic exhaustive endurance exercise (Hackney
2001). In line with this, we have previously described how
exercise can be detrimental for semen quality and hor-
mones (Vaamonde et al. 2006), and how diVerences in
semen proWles exist due to inherent characteristics and
requirements of the sport modality and level being prac-
ticed (Vaamonde et al. 2009b). This scarcely studied eVect
could be dependent on the metabolic characteristics and
requirements of diVerent sports modalities, but, above all, it
is aVected by the level at which they are practiced and the
physical Wtness of the practitioner.

Yet, few negative eVects have been reported in the regu-
lar practice of moderate exercise. Moreover, practicing reg-
ular physical activity has been shown to improve overall
health in subjects (Pedersen and Saltin 2006). It has been
observed that, when comparing physically active subjects
with other groups that undergo a more intense exercise rou-
tine, the less demanding physical activity does not promote
any semen alterations, while the other two do (Vaamonde
et al. 2006). In fact, a more anabolic environment has been
reported by some authors for people who regularly exercise
(Viru and Viru 2003; Grandys et al. 2009); furthermore,
exercise has been proposed as a treatment option in repro-
duction-related diseases such as polycystic ovarian syn-
drome, hypogonadism and erectile dysfunction (Alessio
et al. 2005; Badawy and Elnashar 2011; Pieper et al. 1988,

1995; Zheng et al. 2011; Maio et al. 2010). So, the beneW-
cial eVect of sports practice seems to also have an eVect on
the reproductive system, and also on semen and hormone
values.

Thus, it is our hypothesis that a physically active life-
style might result in a more favorable environment for
reproduction-related processes and might improve or, at
least, prevent degradation of hormonal and semen parame-
ters. Therefore, the aim of the present study was to compare
semen and hormone values of sedentary and physically
active subjects.

Methods

Subjects

Thirty-one healthy males volunteered for the study; all of
them gave written consent regarding their participation. A
physician reviewed their medical histories. None of the vol-
unteers had had previous infertility or hypothalamic–pitui-
tary problems. The sample was allocated according to their
own characteristics to one of the two groups: physically
active (PA, 16 subjects) and sedentary (SE, n = 15). Physi-
cally active subjects had regularly been practicing endur-
ance activities, except bicycling, for over a year while
sedentary subjects had not systematically practiced any
physical activity during the previous year. The basic char-
acteristics of the participants are shown in Table 1 (see
“Results” section). The exclusion criteria were any factors
that could interfere with normality, while the inclusion cri-
teria were a minimum practice of 2–4 h/w, for at least three
diVerent days, and a maximum oxygen uptake (VO2max) ¸
40 ml min¡1 kg¡1 for the PA group, and not practicing any
physical activity and a VO2max < 40 ml min¡1 kg¡1 for SE.
VO2max was determined by means of a maximum exercise
test.

Table 1 Basic characteristics of physically active men and sedentary
men

Values are expressed as mean § SD

No diVerences were found for these variables except for VO2max which
was an analyzed variable for assuring right subject allocation

* SigniWcant diVerence between groups (P < 0.05). t Student test

Physically active 
(N = 16)

Sedentary 
(N = 15)

Age (years) 19.2 § 1.9 19.0 § 1.8

Weight (kg) 73.8 § 9.1 73.1 § 8.3

Height (cm) 176.14 § 5.2 175.9 § 4.2

Body fat (%) 13.2 § 3.5 15.6 § 3.0

VO2max (ml/min/kg) 51.1 § 4.9 36.9 § 3.2*
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Semen analysis

The participants refrained from sexual relations for 3–6 days
prior to semen analysis. Semen was collected into sterile col-
lection cups following the instructions given for collection
and handling of the sample. Upon arrival at the laboratory,
they Wlled a brief questionnaire with essential and relevant
information. Evaluation was performed 30 min after sample
collection. Semen analysis included physical parameters
(volume, pH, liquefaction state, odor, color, absence or pres-
ence of agglutination and gelatinous bodies, viscosity, and
dirt) as well as qualitative parameters of sperm (number,
motility, and morphology). We examined the ejaculate vol-
ume (expressed in ml), sperm concentration (expressed as
million/ml), motility (classiWed as a, b, c, and d types), and
morphology (expressed as percentage of normal forms), as
the standards for sample normality as recommended by
WHO (World Health Organization 1999). Concentration and
motility were assessed using the Makler chamber (SeW Medi-
cal, Israel). Regarding motility, sperms were classiWed as
having either type “a”, “b”, “c” or “d” velocities. Two slides
were prepared for morphology and stained with DiV Quick
(Panreac, Barcelona, Spain). Two hundred sperms were ana-
lyzed at 100£ under oil, using Kruger's strict criteria. If
needed, additional tests were performed.

Hormone analysis

Subjects refrained from any physical activity during the
3 days prior to hormonal evaluation. After a 12-h fast and a
30-min rest at the laboratory, blood samples were drawn
from the antecubital vein and collected into sterile Vacu-
tainer tubes; blood samples were obtained at the same time
(9:00 a.m.) to avoid, as much as possible, diurnal varia-
tions. Hormonal analyses were performed by RIA (all by
the same technician, so as to reduce possible procedural
errors) with high-speciWcity single-antibody commercial
kits (Diagnostic Products Corporation, Los Angeles, CA,
USA) having extremely low cross-reaction with other sub-
stances. The hormones evaluated were: T (�g/l), C (�g/dl),
LH (U/l), (FSH, U/l); additionally, the T/C ratio, an indica-
tor of anabolic versus catabolic state, was also calculated.

Maximum exercise test

All subjects from both groups performed a test to determine
their VO2max, using a “breath-by-breath” automatic gas ana-
lyzer system (CPX, Medical GraWcs, St. Paul, MN, USA).
Both groups performed a graded ergometric test until
exhaustion on a cycloergometer (Ergoline 900, Ergomet-
rics, Germany) to assess VO2max. The VO2max test was per-
formed using a regularly calibrated gas analyzer (for
details, see Vaamonde et al. 2006).

Reproducibility of measurements

Biochemical measurements were generally made at the
hospital laboratory in accordance with Standard ISO 15189.
The laboratory is involved in internal and external quality
control programs. External quality control is provided
monthly by the Spanish Society of Clinical Biochemistry
and Molecular Pathology. The hormone analysis of testos-
terone, cortisol and the gonadotropins FSH and LH enabled
good reproducibility of measurements (ICC = 0.967, 0.955,
0.928 and 0.933, respectively).

Statistical analysis

On the basis of a pilot study, as well as available literature,
a power analysis was performed to determine the appropri-
ate number of subjects. Fifteen subjects were required to
detect a minimum diVerence of 0.11 in T/C, and 5% in type
a + b velocity, considering a standard deviation of 0.10 and
4.7, respectively (Granmo 5.2 for Windows; IMIM, Barce-
lona, Spain); this would be required to achieve 80% statisti-
cal power. Shapiro–Wilk tests were used to determine data
normality for all dependent variables. Independent
t Student’s test was used to compare means between
groups. SigniWcance level was set at P < 0.05 (SPSS 13.0
for Windows; SPSS Inc., Chicago, IL).

Results

Table 1 shows the morphofunctional characteristics of both
groups.

Statistical diVerences were found for several semen
parameters: type “b”, “d” and “a + b” velocities, and per-
centage of normal forms (P < 0.05); of those, the most clin-
ically important diVerences were in type “a + b” as well as
in percentage of normal forms. The other parameters,
sperm concentration and semen volume, albeit being higher
in PA, did not reach statistical signiWcance. With regard to
hormone analysis, statistical diVerences were found for the
gonadotrophs (FSH and LH) and testosterone. Cortisol,
albeit being lower in PA, did not reach statistical signiW-
cance. The T/C ratio, indicative of the anabolic versus cata-
bolic status, was signiWcantly diVerent between groups
(P < 0.05) (Table 2).

Discussion

The main Wnding of the present study is that there are diVer-
ences in semen and hormonal parameters between the sam-
ples of physically active subjects and sedentary subjects
assessed. To the best of our knowledge, this is the Wrst
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study undertaken to assess diVerences in such parameters
among both populations. The PA group shows improved
values for several seminological and hormonal parameters,
which suggests a more anabolic microenvironment and bet-
ter maintenance of homeostasis for the sperm production
process. These favorable conditions are supported by the
fact that T/C is higher in PA (t30%), due to higher
T values and lower C values, which means a more anabolic
state that might result in improved semen production.
These results may be linked to an active lifestyle and are in
agreement with previous reports (Grandys et al. 2009).

An improved quality in morphology and total progres-
sive motility have been observed in PA in this study. This
fact is supported by the observed hormonal values, with
LH, FSH, and T being higher for the PA group since FSH
promotes initiation and progression of spermatogenesis and
LH promotes testosterone secretion. Furthermore, previous
studies have reported that moderate-intensity physical
activity, in contrast to what happens with more intense
training, positively inXuences basal values of such hor-
mones or at least does not exert detrimental eVects on them
(White et al. 2002).

It has been previously shown that intense endurance
exercise provokes a diminution in both hormones and
semen parameters when subjecting physically active sub-
jects to such physiological stress (Vaamonde et al. 2006;
Safarinejad et al. 2009). Similar hormonal changes have
been described when assessing basal hormone levels in
other endurance sports in which training load could be con-
sidered as being high after a long period of time (Wheeler

et al. 1984; Hackney et al. 1988, 2005; Flynn et al. 1994;
Fernández-Garcia et al. 2002; Maïmoun et al. 2003).

Likewise, a similar pattern has been previously observed
for semen parameters when comparing three diVerent popu-
lations; in this regard, both triathletes and water polo play-
ers had lower-quality semen values than physically active
subjects, suggesting, therefore, a decrease of semen quality
as training level increases (Vaamonde et al. 2009b). How-
ever, not generating the exercise stimulus seems to be
counterproductive since, in the present study, moderate-
intensity physical activity performed 3 days a week on
alternate days was found to be more beneWcial than not
training at all. In line with these Wndings, chronic intense
endurance exercise has been observed to exert a positive
eVect on the secretion of several catabolic and stress-related
hormones such as CRF, ACTH, cortisol, and B-endorphin
while promoting a decrease in anabolic hormones such as
T (Rivier and Rivest 1991; Borer 2003). On the contrary,
moderate- to high-intensity acute exercise is associated
with increases in plasma concentration of sex hormones,
with an increase in plasma concentration of androstenedi-
one and total and free testosterone that is dose dependent
and ranges between about 30 and 185% at maximum exer-
cise intensities. Plasma androgens increase in men after
endurance exercise, such as running and cycling as well as
after high-resistance exercise, whether it is of high-loading
and low-volume type or low-loading and high-volume type
(Borer 2003).

It seems clear that while high-intensity stimuli are detri-
mental for hormones and semen, not having any exercise

Table 2 Semen and hormone values of physically active men and sedentary men. Values are expressed as mean § SD

* SigniWcant diVerence between groups (P < 0.05)
# t Student’s test

Mean (§SD) Mean dif T# Sig 95% CI

Physically active 
(N = 16)

Sedentary 
(N = 15)

PA-SE P Lower Upper

Concentration (*106/ml) 66.50 (§16.27) 58.38 (§16.19) 8.12 1.39 0.175 ¡3.81 20.05

Volume (ml) 3.24 (§0.81) 3.19 (§0.74) 0.05 0.178 0.783 ¡0.318 0.418

Vel a (%) 33.60 (§6.18) 32.27 (§8.75) 1.33 0.49 0.627 ¡4.20 6.87

Vel b (%) 27.35 (§7.18) 21.81 (§6.79) 5.54* 2.20 0.036 0.40 10.68

Vel a + b (%) 60.94 (§5.03) 56.07 (§4.55) 4.87* 2.82 0.009 1.34 8.40

Vel c (%) 8.54 (§4.00) 11.19 (§3.89) ¡2.65 ¡1.87 0.072 ¡5.55 0.25

Vel d (%) 30.58 (§4.86) 34.78 (§5.69) ¡4.20* ¡2.22 0.035 ¡8.08 ¡0.32

Normal forms (%) 15.54 (§1.38) 14.40 (§1.15) 1.14* 2.49 0.019 0.20 2.08

T (�g/l) 7.68 (§0.77) 6.49 (§0.80) 1.19* 4.22 0.001 0.61 1.76

C (�g/dl) 19.25 (§4.15) 21.24 (§4.30) ¡1.99 1.31 0.200 ¡5.09 1.11

T/C 0.46 (§0.11) 0.32 (§0.07) 0.14* 4.20 0.001 0.07 0.21

FSH (U/l) 5.68 (§2.51) 3.14 (§1.84) 2.54 3.20 0.003 0.91 4.17

LH (U/l) 5.95 (§1.11) 5.08 (§0.98) 0.87 2.31 0.028 0.09 1.64
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stimulus may also result in detrimental eVects, that is, there
seems to be an “inverted U” behavior. Besides being eVec-
tive in preventing or ameliorating several chronic diseases
such as cardiovascular disease, diabetes, cancer, osteoporo-
sis and obesity, moderate exercise has been reported to
favor a more anabolic state improving the overall hormonal
milieu (Grandys et al. 2009; Viru and Viru 2003; Pieper
et al. 1995), even enabling restoration of gonadotropin
secretion (Pieper et al. 1988). Also, some studies have
reported a decrease in stress-related hormones as a result of
moderate exercise (Duclos et al. 1997; Adlard and Cotman
2004). Therefore, it is logical that a more anabolic state
(increased testosterone) along with a lowered catabolic
state may result in improved hormonal status. Thus, it
seems plausible that, as a consequence, moderate exercise
might exert a positive eVect on semen production as well
since semen production is greatly dependent on an adequate
hormonal environment. Howerver, since other factors inti-
mately related to a physically active lifestyle may also play
a role in this improvement and no speciWc studies have
been conducted to date with these types of populations
(which is a limitation to our Wndings and interpretation),
future interventional studies should be done to clarify this
fact.

The possible creation of a healthier microenvironment
could also be mediated by exercise-related reactive oxygen
species (ROS) production and antioxidant system upregula-
tion. It has been lately shown that while intense and
exhaustive exercise produces an imbalance between ROS
and the antioxidant capacity of the organism, moderate
exercise promotes beneWcial eVects on this relationship
(Gomez-Cabrera et al. 2008). Some studies have argued
that the eVect on the ROS-antioxidant system relation is
sports speciWc, observing diVerences in the activity of vari-
ous antioxidant enzymes such as catalase. Since enzymes
respond diVerently to the exercise-related stress and diVer-
ent free radicals are released, the oxidative stress indices
vary from one modality to the other (Kostaropoulos et al.
2006). These Wndings are supported by observed mitochon-
drial changes in the usage of superoxide dismutase (SOD),
glutathione peroxidase (GPX) and catalase (CAT) in
response to exercise-related stress to induce lower produc-
tion of oxidative stress, and inducing the expression of anti-
oxidant enzymes (Radak et al. 2008). Such an eVect has not
only been observed in diVerent sports modalities, but also
within the same modality practiced with diVerent loads
(volume and intensity) (Dékány et al. 2006; Knez et al.
2007).

Recently, it has been proposed that the free radicals gen-
erated during mild to moderate endurance-type exercise
actually form part of a mechanism of adaptation to exercise
(Sachdev and Davies 2008). Free radicals are needed in sig-
naling pathways and many physiological processes; ROS

act as intracellular signaling molecules that can initiate the
adaptation to exercise in a hormetic response; this response
implies that moderate ROS production stimulates antioxi-
dant production while high ROS production would result in
an inhibitory or insuYcient eVect. The intensity of the exer-
cise is important for the induction of antioxidant enzymes
and defense mechanisms to prevent injury. The induction of
antioxidant enzymes seems to be related to activation of
factors such as NF-�B and MAPK (Kostaropoulos et al.
2006). These factors are widely recognized to be implicated
in the process of spermatogenesis, apoptosis of the germ
cell lineages, and several sperm functions such as motility
and fertilization potential (Pentikäinen et al. 2002; Rogers
et al. 2008; Li et al. 2009). This mechanism would seem
responsible for the improvement observed in overall well-
ness and also in an improved microenvironment for semen
production and supportive processes. Moreover, although
not yet completely elucidated, there seems to be a relation
between free radicals and testosterone, by which testoster-
one protects against free radicals, but high levels of andro-
gens produce excess free radicals and ROS (Hwang et al.
2011).

In conclusion, we deem possible that exercising at a
moderate pace may result in a more proper environment for
the sperm production processes. Further studies are needed
though to conWrm and expand this knowledge, especially
with regard to the mechanisms behind such response, espe-
cially involving ROS pathways and their interaction with
the HPG axis. Likewise, the appropriate threshold of physi-
cal activity for favorable eVects on semen proWle should be
determined.

 The study was approved by the Ethics Committee of the
University of Cordoba, and was performed according to
Helsinki Declaration for research involving human beings.
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