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Is There a Link between Exercise and Male Factor Infertility?*

Stefan S. du Plessis', Anthony Kashou?, Diana Vaamonde® and Ashok Agarwal*’2

Division of Medical Physiology, Stellenbosch University, Tygerberg, South Africa
?Center for Reproductive Medicine, Cleveland Clinic, Cleveland, Ohio, USA

’Morphological Sciences Department, School of Medicine, University of Cordoba, Spain

Abstract: The beneficial effects of physical exercise on general health are well known; however, as exercise imposes
great physical stress that challenges homeostasis, it can be detrimental to certain organs/systems of the body when it is
exhaustively performed. Decreased seminal parameters and sex hormone levels have been reported in male athletes and,
therefore, a possible impairment of male fertility has been linked to exercise in a volume, intensity, and modality
dependent-manner. Also, inherent characteristics of sportsmen (e.g. training level, adaptive capacity) may modify the
response. This article aims to review the relevant literature regarding exercise and male factor infertility, while at the same
time explores the possible underlying mechanisms that might be involved in this observable fact.
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INTRODUCTION

Regular exercise and physical activity promote overall
health benefits that are hard to ignore. The benefits of
exercise have been known since antiquity as Marcus Cicero,
around 65 BC, stated: "It is exercise alone that supports the
spirits, and keeps the mind in vigor” [1]. Interestingly
enough, the first scientifically based link between physical
health and exercise, or lack of it, was only reported as
recently as 1953 by Jerry Morris [2,3]. Since then, exercise
has been regarded as a universal remedy for psychological
and physical wellbeing, from preventing chronic health
conditions to promoting weight loss and better sleep as
underlined by numerous scientific studies [4-9]. Further-
more, Vaamonde et al. have observed that physically active
subjects have better semen parameters and hormone levels
than sedentary subjects [10, 11]. It is promoted that the
exercise is beneficial regardless of age, sex or physical
ability. This statement is widely accepted and no more
studies are needed to support this belief. However, the
question arises as to what is the right amount to promote the
beneficial effects and not have undesired side effects.

The demand and practice of physical and sport activities
have greatly increased during the past few decades among
both men and women due to the proven health benefits.
Simultaneously, there has been a rapid increase in both
participating in competitive sports as well as pursuing it as a
professional career. Despite this global increased interest in
exercising, an inadequate knowledge and ignorance regard-
ing exercise routines can possibly lead to harmful side
effects [12]. Some of the most common and noticeable ill-
effects of exercise are due to physical injuries
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(musculoskeletal injuries such as strains, sprains or
fractures). However, some of the more dangerous effects of
excessive exercise are not so evident and exercise can be
injurious to some bodily organs and systems, provoking
multisystemic damage [13-18]. This phenomenon is possible
since exercise, per se, is a physical stress situation that
challenges homeostasis [19]. As the number of active
participants in physical exercise and sport increases over
time, it is crucial to understand the impact that such
exercising mode may have.

There is growing evidence and concern that exercise,
especially when excessively practiced, may lead to adverse
effects on the reproductive system and fertility [20]. Several
authors have reported that sports activities can lead to luteal
phase defects, exercise-associated amenorrhea, and infertility
in females [20-28]. This phenomenon is commonly referred
to as “exercise-related female reproductive dysfunction”
[19]. Conversely, little information regarding this topic is
available in males as very few authoritative studies have
been carried out on this subject.

Couple infertility is increasing world-wide with male
factor infertility contributing approximately the same as
female infertility towards this devastating pathology [29,
30]. Regardless of many advances in the field of andrology,
the biggest concerns are still the idiopathic components of
male factor infertility [31]. As some of the novel research
shows, exercise could just be one of the underlying causative
factors. Keeping this in mind, our review aims to highlight
the pathological aspects of exercise in male fertility and the
possible mechanisms involved by reviewing the pertinent
available literature.

MATERIALS AND METHODS

In order to evaluate the effect of physical exercise and
sports on male infertility a systematic review was conducted.
Literature deemed relevant to male reproductive dysfunction
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and exercise was retrieved from PubMed. Appropriate search
terms such as exercise, sports, physical activity, male inferti-
lity, reproduction, semen and sperm were used. All abstracts
were carefully read and assessed; articles referring to
physical trauma and/or the use of anabolic steroids, as well
as those manuscripts that were not available in English
language, were omitted.

PATHOLOGICAL AND CLINICAL PROOF

The male reproductive system consists of the hypothala-
mic-pituitary-gonadal (HPG) axis, with the testes being
responsible for both endocrine (i.e. production of steroidal
hormones — predominantly the androgen testosterone) and
exocrine (i.e. production of spermatozoa) functions. The
HPG axis operates under a negative feedback system, with
the major gonadal regulatory hormone being testosterone
[32]. The hypothalamus secretes gonadotropin releasing
hormone (GnRH) in pulses; this hormone, in turn, stimulates
the release of luteinizing hormone (LH) and follicle-stimu-
lating hormone (FSH) from the anterior-pituitary gland. LH
stimulates the Leydig cells in the testis to secrete testo-
sterone, while FSH assists spermatogenesis. Another hor-
mone produced by the pituitary, prolactin, is also involved in
the regulation of sex steroid production [33]. It is easily
understood that any factor altering this axis would therefore
automatically affect male fertility. Yet published findings
regarding the effects of exercise on male fertility remain
ostensibly ambiguous and contradictory. A number of
studies did not show any changes in semen parameters
between athletes [34-36], however, noteworthy effects have
been reported by some researchers [12,13,37-40]. Some of
these findings will subsequently be discussed.

Hall and co-workers reported that intensified training due
to increased running distance (6 week step-wise increase to
186% of normal training) and detraining (2 weeks at 50% of
normal training) did not influence testicular function with
respect to sperm count, sperm morphology, and sperm
motility. It was furthermore established that neither cortisol
nor the reproductive hormones were altered. The authors
remark that a particular level or degree of training must be
surpassed before any clinical alterations become evident
[41]. Other authors also supported this notion as they
concluded from their findings that a volume threshold for the
effect of training on sperm parameters and hormones does
truly exist [13,42,43]. Such volume threshold has been
observed both in running and in cycling. The study by
Vaamonde et al. showed that, in high-level athletes that have
been training for years, it would be difficult to estimate the
threshold to start observing abnormal semen parameters, yet
it seems that a high cycling volume is detrimental to sperm
morphology [13]. Moreover, the same authors report that a
volume of 300km/week in cycling correlates with serious
fertility impairment from the sperm morphology point of
view (Fig. 1)

In a study by Arce et al., endurance-trained and resist-
ance-trained athletes presented with significantly lower
levels of total and free testosterone, compared with sedentary
controls. No significant differences in serum levels of all
other circulating hormones (LH, FSH, prolactin, and estra-
diol), and urinary LH measurements were found among the
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three groups. Sperm density, motility, morphology and in
vitro sperm penetration of standard cervical mucus were
significantly altered only in the endurance-trained runners
[37]. The authors concluded that both endurance and resist-
ance training modify the male reproductive hormone profile
in a similar manner; however, only endurance training, in the
form of running, is associated with subclinical modifications
in semen characteristics [37].
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Fig. (1). Correlation between percentage of sperm with normal
morphology and cycling weekly volume (expressed as Km/week).
Taken from Vaamonde et al. 2009 (Rev Andal Med Deporte); 2(2):
43-6.

Similarly, De Souza and co-workers reported that the
levels of total testosterone and free testosterone were sig-
nificantly lower in high-mileage runners compared to
moderate-mileage runners and sedentary controls. They
found no differences in either serum LH, FSH, and prolactin
or in urinary LH levels among the three groups. Sperm
concentration, total number of motile sperm and sperm
penetration of bovine cervical mucus were also significantly
lower in high-mileage runners compared to sedentary
controls. Furthermore, an increased population of immature
sperm and round cells were observed in high-mileage run-
ners as opposed to the other two groups. These researchers
showed that training volume (expressed as km/week), was
significantly correlated to sperm motility, density and
number of round cells, while total testosterone significantly
correlated to number of round cells. The authors even
suggested that well defined differences in reproductive
function (gonadal steroids and altered semen quality) exist
between high-mileage runners (high volume of endurance
running) and those runners participating in more moderate
training volumes [42].

Another study compared sperm parameters of men
partaking in three different training modalities (physically
active men, water polo players, and triathletes). Sperm con-
centration/number, velocity, and morphology were signifi-
cantly different among the participants of the three different
training modalities. The parameter showing the greatest
difference was morphology, even reaching clinical relevance
for the triathlete group (<5% normal forms) [12,44].

In one of the most comprehensive and controlled studies
to date on the effect of exercise on the reproductive
hormones and semen quality, Safarinejad and co-workers
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randomly distributed 286 subjects to moderate-intensity
exercise (60% of VO;m,) and high-intensity exercise (80%
of VO,max) groups [38]. Both groups exercised for 60 weeks
(treadmill running for 120 minutes, 5 sessions/week) fol-
lowed by a 36-week low-intensity recovery period. From 12
weeks onward, serum testosterone and free testosterone
began to decrease, while serum sex hormone binding glo-
bulin began to increase with both moderate- and high-
intensity exercises. Moreover, serum LH and FSH concen-
trations decreased below baseline levels in both groups.
When a GnRH stimulation test was conducted, LH and FSH
responses were also blunted. Midway through the running-
phase, the subjects in the high-intensity exercise group
showed a significant decline in semen parameters compared
to those athletes exercising at moderate intensity. Interest-
ingly enough, all of the above mentioned parameters im-
proved to their pre-exercise levels during the recovery period
[38]. We have to bear in mind though that the reversible
deleterious effects may not be reversible if athletes have
been training for longer periods of time (years) or had started
training around puberty.

Another study highlighted the fact that long distance
competitive cyclists had a significantly lower proportion of
spermatozoa with normal morphology and a significantly
higher proportion of morphologically abnormal tapered
forms compared to controls (no significant difference in se-
men volume and sperm motility, viability and concentration
was observed) [40]. Conversely, Vaamonde et al. showed
that seminological values and hormonal profiles differed
significantly even in recreational athletes who exercise to the
point of exhaustion [45]. These adverse effects of exercise
become an aggravating factor in men whose sperm para-
meters are already compromised due to other pathologies
such as varicocele [46].

Erectile dysfunction (ED) or impotence has also been
attributed to continuous strenuous exercise [47]. Tiredness
and fatigue may reduce sexual desire and libido to the extent
that it is impossible to get or sustain an erection. This
phenomenon is highly associated with bicycling, as multiple
studies repeatedly demonstrated the increased risk of ED in
cyclists [48-52].

It becomes more apparent that it is not a simple fact of
exercise leading to infertility, but rather that inherent
parameters of exercise such as type, volume, and intensity
must also be taken into consideration and carefully analyzed.
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PLAUSIBLE MECHANISMS

From the preceding section it is evident that adequate
evidence exists to warrant discussing potential mechanisms
via which exercise, in various forms, can adversely affect the
male reproductive system. Several plausible mechanisms as
to how exercise affects male reproductive potential, either
directly or indirectly, will subsequently be explored. It is
difficult to determine and pinpoint the particular mechanisms
that can play a role as there are numerous confounding fac-
tors such as inappropriate food intake, fatigue and decreased
body weight [53-55]. While abnormal hormonal milieu could
be attributable to a decrease in body fat and altered stero-
idogenesis, many studies show differences between athletes
with different training load without statistical significances
in weight or fat percentage. It is well known that exercising
can lead to testicular injuries, while some sportsmen, both
leisure and professional, use anabolic steroids to enhance
their performance. These factors can have direct negative
impact on fertility, but will not be discussed here as they fall
outside the scope of this manuscript. Consequently to this,
only the effects of exercise on oxidative stress, hormonal
imbalance, erectile dysfunction, testicular temperature, and
testicular trauma will be reviewed (Fig. 2).

Exercise and the Oxidative Stress System

Oxidative stress (OS) has repeatedly been implicated as a
leading cause of male factor infertility [56]. It is well known
that increased concentrations in reactive oxygen species
(ROS) and reactive nitrogen species (RNS) have a negative
effect on sperm parameters. This event takes place because
sperm are especially susceptible to the deleterious damage as
a result of OS. The sperm plasma membrane is very sensitive
to the effect of ROS since it contains abundant unsaturated
fatty acids. These unsaturated fatty acids create fluidity
which is necessary for sperm motility and membrane fusion
events such as the acrosome reaction and sperm-egg inter-
action. However, the unsaturated nature of these molecules
predisposes them to ROS attack and ongoing lipid per-
oxidation. Though antioxidant defence systems are active in
semen, their activity is constrained since the amount of
cytoplasm of the sperm cell is limited [57].

Ever since the first report in 1978, which illustrated
evidence of an increase in lipid peroxidation following acute
aerobic exercise, the field of OS and its correlation to
exercise has expanded substantially [58]. Numerous studies
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Fig. (2). Possible mechanisms through which exercise can exert an effect on male factor infertility.
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provide proof for the existence of OS biomarkers due to an
increase in ROS production during both aerobic and
anaerobic exercise [59]. Strenuous exercise represents a
physical stress that challenges homeostasis, and, therefore, it
may lead to an increased production of ROS or suppression
of the antioxidant levels [20,60]. It has been confirmed that
extreme endurance, such as ironman triathlons and long-
distance running events, increase OS indeed [60-62]. While
physiological levels of ROS are necessary for normal sperm
functionality (maturation, capacitation, hyperactivation,
acrosome reaction, and sperm-oocyte fusion), pathological
levels may cause lipid peroxidation, DNA damage, and
ultimately lead to sperm death [63]. High intensity exercise
induces OS and although there is no evidence that this
affects sporting performance in the short term, it may have
longer term health consequences. The mechanisms of
exercise-induced OS are not well understood. While mito-
chondria are sometimes considered to be the main source of
free radicals, in vitro studies suggest they may play a smaller
role than was first thought. There is a growing evidence of
the importance of haem proteins in inducing OS. The release
of metmyoglobin from damaged muscle is known to cause
renal failure in exercise in a condition called rhabdo-
myolysis. Furthermore, levels of methaemoglobin increase
during high intensity exercise, while levels of antioxidants,
such as reduced glutathione, decrease [64]. It remains
unclear whether exercise-induced oxidative modifications
have little significance, induce harmful oxidative damage, or
are an integral part of redox regulation [59].

Although the body possesses a complex antioxidant
defense system against ROS and RNS, neutralization pro-
cesses during and following exercise are often insufficient to
prevent oxidative damage. Furthermore, it is clear from
previous studies that exercise of sufficient volume, intensity,
and duration is positively correlated to an increase in ROS
and RNS production, and, in turn, OS [59,65-68]. Several
studies performed in rats have shown an increase in OS and
a decrease in hormone levels and sperm cell lineages [69,
70]. Both aerobic and anaerobic exercise have been shown to
potentially induce free radical production [71]. The fact that
better-trained athletes reveal higher levels of antioxidant
defense and lower resting lipid peroxidation levels suggests a
mode of adaptation to their strenuous exercise over time; this
mechanism further diminishes the adverse effects of high
ROS and RNS levels and prevents the onset of OS.
However, as Kyparos et al. report in a study with elite
rowers, even highly trained rowers exhibit significant blood
OS when submitted to a 2000-m rowing ergometer [72].
Therefore, if the excessive ROS and RNS generation is not
controlled, it can result in OS [60]. In any case, it is clear
that several factors influence the onset of OS, which does not
enable to establish a clear detection of its origin [71].

Knez et al. stated that moderate exercise can confer a
protective effect against OS [73]. Gomez-Cabrera ef al. also
reported that exercise in itself can be considered as an
antioxidant. The same authors provided a description on how
exhaustive exercise can produce OS due to oxidation of
glutathione, release of cytosolic enzymes, and other signs of
cell damage [74].

Insufficient levels of testosterone (a further result of
exercise to be discussed in the next section) can furthermore
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give rise to growing numbers of immature spermatozoa.
These immature cells are also implicated in the production of
ROS due to incomplete cytoplasm extrusion. Another
possibility is that competition, an event that many athletes
are engaged in, causes significant psychological stress [75].
This has been demonstrated in other contexts to negatively
affect semen quality [53, 76]. Eskiocak and co-workers
showed that mental stress due to final exams significantly
increased superoxide dismutase activity, while sperm con-
centration, motility index and percentage of rapid progres-
sive motility decreased simultaneously [76]. Previous studies
also suggested mental stress to have a negative effect on
sperm parameters related to the quality of the semen such as
density, motility and morphology of the spermatozoa [77,
78].

Exercise and Hormonal Imbalances

The autonomic nervous system and the hypothalamic-
pituitary-adrenal (HPA) axis are known to participate in the
maintenance of homeostasis [19]. In response to the stress of
strenuous exercise, the HPA reacts by elevating plasma
cortisol and catecholamine levels [79, 80]. Interestingly
enough, some authors report that sustained physical condi-
tioning in elite athletes is associated with a decreased HPA
response to exercise and competition [79, 81] while some
others report increased values during competition [82].
Conversely, highly trained athletes exhibit a chronic yet mild
form of hypercorticolism at baseline that may be an
adaptation to constant exercise [83]. The proinflammatory
cytokine IL-6 is also shown to have greater activation;
additionally other proinflammatory factors such as myelo-
peroxidase, PMN elastase, IL-10, high-sensitive C-reactive
protein, have been increased in response to intense compe-
tition [84]. Furthermore, exercise stimulates the secretion of
growth hormone and prolactin (possibly via cytokines in
response to stress), and may influence the type of immunity
by stimulating the T helper 2 response profile [79, 85].

Likewise, the stress of exercise inhibits gonadal function
through the production of glucocorticoids and cathechol-
amines, as well as through activation of the corticotropin-
releasing hormone (CRH) neurons [19]. The HPG axis can
be inhibited at several points by the components of the HPA-
axis. CRH suppresses the release of GnRH. In addition,
glucocorticoids can predominantly inhibit the secretion of
GnRH, thereby restraining the secretion of LH and the
subsequent stimulation of the gonads to sex steroid hormone
production. It furthermore renders the target tissue of the sex
steroids resistant to these hormones. CRH is also a negative
regulator of LH action on the Leydig cells. These inhibitory
effects subsequently attenuate testosterone production by the
Leydig cells [19, 86]. Apart from the central dysfunction of
the HPG axis, alternatively the most likely mechanisms to
decrease testosterone biosynthesis are perhaps testicular
microtrauma or temperature increase [87].

In the literature there is still controversy as to whether
intense physical exercise compromises testicular androgen
secretion [31]. However, in the recent study of Safarinejad et
al. it was clearly shown that serum testosterone and free
testosterone levels decreased in response to exercise [38, 88].
FSH and LH levels also decreased while prolactin levels rose
progressively. Such behavior is in agreement with what has
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been previously published by others [45]. Additionally, the
group of Safarinejad observed a blunted response of LH and
FSH to GnRH stimulation and a blunted response of
testosterone to human chorionic gonadotropin stimulation.
Exercise as such caused these altered hormonal responses,
however they were more pronounced in the high-intensity
compared to moderate-intensity exercise group. This study
highlights the fact that overtraining may induce hypogonado-
tropic hypogonadism [38]. Alterations such as decreased LH
pulsatility and amplitude can explain why some very high-
mileage runners experience hypogonadism [89]. It seems
clear that at least during the competition, and for several
days after, athletes experience an anabolic deficit (decrease
in T/C ratio) as a result of physical strain, sometimes this
anabolic deficit becomes chronic, effect known as over-
reaching or overtraining [82, 90]. These effects have not
only been observed in cyclists and runners but also on
rowers [91]. Moreover, Naessens et al. have reported the
same hormonal behavior in a high-level soccer player. In this
case, the athlete had a previous condition (cryptorchidy)
which made him more vulnerable to the deleterious effects
of training. He experienced a broad spectrum of symptoms,
from altered hormone levels and loss of libido to recurrent
muscle injury. Regardless, of his own condition, researchers
observed lowered T levels during training, and an unfavo-
rable T/C during recovery, after tamoxifen treament, the
subject reversed all symptoms [92]. On the other hand,
Vaamonde et al. have observed improved semen parameters
and hormone levels compared to sedentary subjects [10, 11].

It is thus evident that male athletes might suffer delete-
rious consequences of endurance exercises regarding the
hypothalamic regulation of gonadal hormones, which is
often the cause of idiopathic hypogonadotropic hypogona-
dism [47].

As blood hormonal levels (LH, FSH, testosterone, pro-
lactin) correlate well with seminal parameters it is under-
standable that factors, such as exercise, that change these
levels will directly impact male fertility [93].

Exercise and Testicular Temperature

Human spermatogenesis is a sensitive process and it is
well known that testicular temperature must be maintained at
approximately 2.5°C below core body temperature for nor-
mal spermatogenesis. The regulatory role of the scrotum in
sustaining this lowered testicular temperature is achieved
through the combined function of the cremasteric and dartos
muscles (by moving the testicles closer or further away from
the body) as well as the pampiniform venous plexus of the
spermatic cord (acting as a counter-current heat exchanger)
[48].

Elevation of scrotal temperature to normal core body
temperature results in complete failure of spermatogenesis in
man. Impaired reproductive function due to heat-induced
alterations has been reported extensively [94-97]. Evenson
et al. demonstrated that increased testicular temperature can
have latent effects on sperm chromatin structure and may
result in transient release of abnormal sperm with DNA that
might be genetically compromised [95]. From these studies,
it is clear that constant exposure to any factor that com-
promises the ability of the scrotum to thermoregulate will
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result in an adverse effect on one or more aspects of semen
quality [98].

As body temperature increases with exercise it has been
hypothesized by several authors that the injurious effect of
exercise on spermatogenesis can be attributed to increased
scrotal temperature rather than hormonal changes [36,37,48].
It is reasoned that this phenomenon is more prevalent in
cyclists due to wearing of tight-fitting shorts and compres-
sion of the scrotum against the saddle and body resulting in
decreased thermoregulation [48,53].

Jung and co-workers studied the effect of noncompetitive
biking (moderate intensity for an hour) on 25 healthy men.
They found an increase in core temperatures during the
exercise, but scrotal temperatures (which correlate well with
testicular temperatures) in fact did not [99]. This finding
correlates with findings in other types of exercise, where
scrotal temperature decreases. Increases in scrotal tempe-
rature are more often associated with sedentary activities
such as sitting [100].

Many of the studies accomplished to identify the effect of
exercise-generated heat in the testicles have used cyclists as
test subjects. However, the results of these studies have been
contradictory and, to date, no one had been able to provide
substantial/conclusive evidence that exercise (in this case,
bicycle riding) increases or decreases testicular temperatures.
It is evident that more studies should be undertaken so as to
elucidate whether exercise in fact does increase testicular
temperature or not.

Exercise and Erectile Dysfunction

Many cyclists, over 60% according to Sommer et al.,
experience genital numbness and even ED [101]. ED, a
persistent inability to achieve and/or maintain an appropriate
erection for satisfactory sexual performance, may possibly
be caused by an impeded blood flow and pressure on the
penile nerves as a result of extended periods of time on the
saddle. It has been shown that pudendal nerve (innervates the
posterior aspect of the scrotum and the penile base)
neuropraxia may lead to numbness and an altered sensation
during ejaculation [102]. ED has been associated with
reduced NO production and/or its bioavailability to the
corporeal smooth muscle [103]. In addition, the increase in
contractile factors and generation of superoxide anions have
been shown to contribute to ED [104].

Tiredness and fatigue can affect the ability to get or
sustain an erection. This may sound strange but being tired
can reduce sexual desire and libido to the extent that it is
impossible to get or maintain an erection. Exhaustive endur-
ance exercise, especially in overreaching/overtraining states
can certainly be fatiguing to the athlete and may, therefore,
possibly lead to ED. Cycling is the sports modality that is
predominantly associated to ED, with nearly 13-24% of
cyclists reporting ED [48,105]. ED and the other urogenital
disorders observed in cyclists show greater incidence in
mountain-bikers as compared to road-cyclists [106, 107].
Additionally, an increased prevalence of ED has been
observed in long distance cyclists (more than three to four
hours per week) [48].

Results from the Massachusetts Male Aging Study
(MMAS) show that moderate physical activity, including
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bicycling, may have a protective effect against ED. Despite
ED being a serious concern in high-load cyclists, this cannot
be generalized to the average cyclists who actually have a
decreased likelihood of developing ED [50]. These and other
data reinforce the idea that regular physical exercise,
moderate in nature, is an important approach in preventing
ED associated with pathologies such as diabetes mellitus
through re-establishing the balance between NO production
and inactivation [103]. Conversely, excessive exercise can
trigger the onset of ED.

Exercise and Testicular Microtrauma

A study by Frauscher and colleagues, performing ultra-
sound testing, reports that mountain bikers show greater
incidence of scrotal and testicular abnormalities as compared
to non-bikers [108]. Among the observed abnormalities,
some should be highlighted: testicular calcifications, hidro-
cele, varicocele, and testicular microlithiasis. All these
abnormalities could lead to infertility.

CONCLUSION

Over the past few decades it has been commonly asserted
that exercising reduces the risk of developing all kinds of
diseases. Despite strong evidence for the health benefits of
continued aerobic exercise (cardiovascular protective effects
and beneficial influence on the risk of hypertension,
diabetes, and stroke), strenuous exercise and overtraining can
impair the HPG axis and reproductive capacity of males
[38,48,109].

As highlighted in this review, researchers are not
completely in agreement on the effect of physical exercise on
male reproduction. However, regardless of the inconsistent
results, evidence exists that high-load exercise may exert a
negative impact on male fertility with a range of effects on
the male reproductive system depending on the duration,
intensity and type of modalities as well as the athletes’
inherent characteristics (e.g. fitness level, adaptive capacity,
etc). These effects can manifest through the physical stress
response of exercise on the HPG axis, hormones, increased
testicular temperature, development of OS and role of
fatigue or nerve damage in ED. Independently or integra-
tively, all of these mechanisms can lead to reduced seminal
parameters and infertility [45]. Interestingly enough, it was
observed that these alterations and impairments of the
reproductive system were attenuated upon cessation of high
impact exercise and can lead to full recovery [45].

As there are differences in the semen parameters of
individuals performing different sports modalities, and,
especially, in terms of intensity and volume, these variables
should be carefully analyzed and taken into account when
designing a training protocol. This aspect ought to receive
priority, especially when dealing with elite athletes, in order
not to compromise their fertility status [12]. Physicians and
urologists should be aware that exercise (and in specific
certain intensities and modalities such as bicycling) is a
potential and valid cause of a variety of urological and
andrological disorders affecting male reproduction [48]. It is
therefore proposed that high-load training should be included
as a component of male factor infertility [31].
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Olive summarises quite well that a cause-effect relation-
ship between intense exercise and altered male reproductive
function will only be truly established through well designed
studies that are properly controlled [20]. Future investi-
gations should therefore focus on the clinical impact of
exercise-related hormonal and semen alterations on fertility
capacity [31], and also explore the idea of adding antioxidant
supplementation within the context of regular exercise.

Nevertheless, exercise-related reproductive dysfunction
remains as a strange paradox as there is a fine line between
the correct and incorrect amount of exercise. However, in the
context of a physically active population, the beneficial
effects of exercise seem to outweigh any possible hazard. In
the interim, the best advice to offer to a non-athlete popu-
lation is to decrease the load of exercise as a precautionary
measure in the event of idiopathic male factor infertility.

EXPERT COMMENTARY

Exercise represents a physical stress that challenges
homeostasis on several levels. Apart from the beneficial
effects of exercise, there is evidence of exercise-related
short- and long-term consequences concerning male repro-
ductive function which can manifest centrally (HPG-axis) or
locally (testis OS and temperature). This can lead to de-
creased reproductive hormone levels, impaired seminal
parameters, and ED. Intensity, duration and type of exercise
as well as inherent characteristics of individuals (training
level, adaptive capacity, etc.) will influence these resultant
effects. It is important that physicians and the general public
pay attention to exercise as a possible cause of idiopathic
male infertility and act precautionary until future research
has thoroughly elucidated this relationship.

FIVE-YEAR REVIEW

There has been a recent increase in the number of studies
investigating the possible relationship between exercise and
male fertility/infertility. The majority of studies have focused
on differences in exercise intensity and volume. However,
most studies are not well designed and properly controlled,
thereby making it difficult to formulate final conclusions.
Despite these shortcomings, it is evident that a large group of
male athletes are negatively affected with regards to repro-
ductive potential. Future investigations should be better
controlled and focus on the clinical impact that these
alterations may have on fertility capacity. Furthermore, they
should try as well to better elucidate the specific mechanisms
through which exercise can exert its effects. Most authors are
in agreement that exercise is beneficial for you but exer-
cising in excess may cause problems which can also include
problems with sexual potency.

KEY POINTS

U It is well known that exercise represents a form of
physical stress that challenges homeostasis.

. Stress is accompanied by both an increase in the acti-
vity of the HPA axis and a decrease in the repro-
ductive functions in order to preserve the organism’s
state of alert at the expense of gonadal activity.
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. The precise mechanism responsible for the changes in
reproductive function remains unknown. However,
observed changes include a reduction in total and free
testosterone, alterations in LH release and alterations
in pituitary responses to GnRH and other pharma-
cological perturbations.

. Exercise can lead to development of OS, increased
testicular temperature, testicular microtrauma, and
ED.

. There are differences in the seminal profiles of indi-

viduals exercising in different modalities.

. There may be a volume and intensity threshold above
which both hormonal and semen parameters decline.

. Regular less demanding physical exercise does not
seem to alter male reproductive function.
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