
Birth sex ratio in the offspring of
professional male soccer players:
influence of exercise training load
D. Vaamonde1,2,*, A.C. Hackney2,3, J.M. Garcia Manso2,4,
E. Arriaza Ardiles5, and M. Vaquero6,7

1Department of Morphological Sciences, School of Medicine and Nursing, Universidad de Cordoba, Cordoba, Spain 2International
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STUDY QUESTION: Can the exercise training load of elite male athletes influence the sex ratio of their offspring?

SUMMARY ANSWER: This is the first study assessing the influence of exercise training load on the offspring sex ratio of children from
male professional athletes, observing a bias toward more females being born as a result of both high-intensity and high-volume loads, with
intensity having the greatest effect.

WHAT IS KNOWN ALREADY: There is a relatively constant population sex ratio of males to females among various species; however,
certain events and circumstances may alter this population sex ratio favoring one sex over the other.

STUDY DESIGN, SIZE, DURATION: Observational, descriptive cross-sectional study with a duration of 3 months.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Seventy-five male professional soccer players from First Division soccer
teams. Offspring variables were sex of the offspring, number of children and order of birth. Exercise training variables were volume and
intensity.

MAIN RESULTS AND THE ROLE OF CHANCE: Total offspring was 122 children (52 males (42.6%), 70 females (57.4%)). Analysis
revealed that increase in either the volume (P< 0.001) or intensity (P< 0.001) of training by the players shifted the birth offspring ratio
more toward females. Within the sample of females born, more births (i.e. number) were observed as a consequence of training at the
highest intensity (45 out of 70; P< 0.001), no such pattern occurred within males (P> 0.05). When female versus male births were com-
pared within each intensity, only the high-intensity comparison was significant (45 (75%) females vs 15 (25%) males, P< 0.001).

LIMITATIONS, REASONS FOR CAUTION: While this is the first study assessing differences in the sex ratio of the offspring of male
athletes (i.e. soccer players), we acknowledge there are limitations and confounders within our approach; e.g. small sample size, ethnic
background and variations in the timing of intercourse relative to ovulation as well as in sex hormone levels. As such, we propose that fu-
ture research is needed to confirm or refute our findings. It is recommended that such work expand on the measurements obtained and
conduct direct assessment of sperm characteristics.

WIDER IMPLICATIONS OF THE FINDINGS: The findings of the study support the fact that different stressors on the body may alter
the sex of the offspring. While in the present study the stressor is the excessive training load of soccer players, other events may lead to
similar results. The bias in offspring sex ratio may have important implications for demography and population dynamics, as well as genetic
trait inheritance.
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..Introduction
There is a relatively constant population sex ratio of males to females
among various species. For example, in humans, the World Health
Organization reports on average there are 105 males (51%) born
for every 100 females (49%) (World Health Organization, 2018). This
ratio, however, may be affected by multitude of exogenous events
and endogenous factors, and as such have important implications for
demography and population dynamics (Hesketh and Xing, 2006).
Among the different exogenous events, the ones most extensively
studied in humans are wars (Zorn, 2002; Polasek, 2006; Helle et al.,
2009), famines (Helle et al., 2009; Song, 2012), economic crises (Helle
et al., 2009), exposure to chemical products-pollutants (Gomez et al.,
2002; Ryan et al., 2002; Mackenzie et al., 2005; Ishihara et al., 2007;
Terrell et al., 2011) and high thermal heat load exposure (Pérez-
Crespo et al., 2007).

Experiencing such extremely stressful events results in a significant
change in the offspring sex ratio (i.e. females > males) (Ellis and Bonin,
2004; Catalano et al., 2005; Mathews and Hamilton, 2005; Pérez-
Crespo et al., 2007) and specifically in men, this shift is linked to
endogenous sperm alterations (Zorn, 2002; Terrell et al., 2011) (i.e.
changes in morphology, motility and quantity as a result of different
chemical agents or wars) (Zorn, 2002; Terrell et al., 2011).
Additionally, in animal models thermal heat stress alone results in
changes in testicular spermatocytes, resulting in decreased sperm num-
ber, viability and motility, as well as sperm DNA damage (Pérez-
Crespo et al., 2007). This thermal shock causes a distortion in the sex
of the offspring (Pérez-Crespo et al., 2007). The common mechanism
behind these sperm-related occurrences is likely the generation of re-
active oxygen species (ROS) resulting in a situation of high oxidative
stress and spermatogenesis disruption (Barroso et al., 2000; Aitken
and Krausz, 2001). Furthermore, the Y chromosome is more vulnera-
ble to DNA damage, and fragmenting of the DNA, than the X chro-
mosome when oxidative stress is occurring, specifically at the time of
spermatogenesis (Aitken and Krausz, 2001), and, as such leading to a
bias in the resulting number of X- or Y- chromosome bearing sperm
(Ellis et al., 2011; Tarı́n et al., 2014). Collectively, evidence supports
these factors could alter the offspring sex ratio and increase the pro-
portion of female to male births. Importantly, it should be noted that
other physiological and behavioral factors can influence the offspring
sex ratio (e.g. timing of intercourse relative to ovulation, coital fre-
quency, and sex steroid hormone—gonadotrophins levels of the cou-
ple) (James 2013; James and Grech, 2018). Although relative to this
last point, Hackney et al. (2016) have reported the exercise training
seems to have minimal effects on the gonadotrophins.

Our research group previously found strenuous physical exercise
acts as a stressor to the male reproductive system, leading to fertility
problems. Specifically, alterations in sperm characteristics, such as mo-
tility, morphology, DNA integrity, viability and number all which occur
as a result of excessive exercise training load, performance demands
and/or certain sport disciplines (Vaamonde et al., 2006, 2009, 2014,
2018). Furthermore, we found male athletes’ semen samples showed
higher number of round cells and active macrophages, and increased
number of germ cells, a fact suggestive of a potentially altered sperma-
togenesis, leading to apoptotic and necrotic events (Vaamonde et al.,
2014, 2018). Such alterations in sperm morphology and DNA

fragmentation have been related to altered functionality and poor IVF
success (Barroso et al., 2000; Aitken and Krausz, 2001), most likely
leading to longer conception times and less possibility of successful live
births (Barroso et al., 2000; Ellis and Bonin, 2004; Tarı́n et al., 2014).
Moreover, antioxidant capacity, which helps to mitigate the effects
of ROS, is decreased during intensive exercise training in men, which
further accentuates these physiologic events (Vaamonde et al., 2014,
2018).

Given the above, we hypothesize that male athletes subjected to
high loads of sports training at the time prior to, or at conception
would suffer alterations in their offspring sex ratio from that normally
expected (i.e. female > male). Along these lines, the present study an-
alyzed the offspring sex of professional male soccer (football) athletes
involved with differencing training program components (high vs low,
volume and or intensity at the time of estimated conception) to assess
if the male–female sex ratio at birth is altered from expected
ratio levels.

Materials and methods

Study design
This was a retrospective, observational, descriptive cross-sectional
study research design.

Subjects
Seventy-five professional soccer players from first division teams in
South America (Chile) were recruited during the months of August to
October of 2017 to participate (due to confidentiality issues team
names are not disclosed). The participants were of comparable skills
and socioeconomic backgrounds. In order to be eligible for the study,
players had to be engaged in their usual sports activity and exercise
training prior to the pregnancy of their partner; likewise, they (or their
sport training staff) were required to know their training program
component characteristics with regards to volume and intensity of
training. The players were informed about the objective of the study
and all gave their informed written consent to participate in it. This
project was approved by the Ethics Committee of the University of
Córdoba. Although there were not human tissue or cell samples in-
volved, all methods were carried out in accordance with relevant
guidelines and regulations, especially with regards privacy and data
protection.

The selection of participants for the study was voluntary and
obtained from those players who had fathered children while being en-
gaged in sports training practice in a first division soccer team (i.e. it is
important to note our sample was one of convenience).

Outcomes
The dependent variables were the sex of the offspring, the number of
children and the order of birth. The independent variables were re-
lated to exercise training outcomes and consisted of the volume and
the intensity of the training (i.e. training load components) at the calcu-
lated time of conception; it must be noted that soccer players do not
change their training regime in a very short period of time, therefore
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..the information with regards training around time of conception is
viewed as accurate. For each fathered child, the training load was reg-
istered. Some of the players had fathered more than one child and
these events happened, while the players were undergoing different
training loads.

To evaluate the training load, the total volume and intensity of train-
ing loads as well as matches-games played an interpolated time of con-
ception (40 weeks before delivery) was utilized as the point of
reference. Soccer as a sport has great variability in training/activity pat-
terns at different time points during the season, depending on the
timeline of training development and match importance. For this rea-
son, it was considered that athletes accumulated low workloads
(low volume and low intensity) when the they were in rest period
(transitory period), a medium load (low volume and moderate or low-
moderate intensity) when the they were competing in the champion-
ship (competitive period) and, finally, it was considered as a high load
(high volume and high intensity) to the work done by the players dur-
ing the preparation phase before the league matches (pre-season).
These criteria were based upon the research work on soccer training
loads reported by Bangsbo (1999). Specifically, training volume and in-
tensity were quantified as follows: low volume: less than 4 training ses-
sions/week (sessions being 1–2 h of physical training); moderate
volume: 6–8 training sessions/week; high volume: >8 training ses-
sions/week. Intensity was quantified numerically using the Borg scale
of perceived exertion from 1 to 10 (Borg, 1998): low intensity: per-
ception of effort (PE) <6; moderate intensity: PE 6–8; high intensity:
PE >8. As exclusion criteria, potential participants were not consid-
ered if: any fertility alterations existed in the player or partner, the
player had children from more than one partner, the player did not
have any offspring’s at the time of the study or if they had a premature
child (i.e. the latter makes it complex to estimate the date of concep-
tion), or the offspring came from a multiple pregnancy (twins/triplets,
etc.).

Both the players and their partners conceived their children at an
age that is considered as healthy from a reproductive point of view
(�20 to �30 years of age) (men specifically were; age ¼ 29.6§ 5.5
years, body mass ¼ 76.9§ 6.5 kg, height ¼ 177.2§ 7 cm (mean §
SD)). Furthermore, the player’s partners were not athletes and did
not engage in sports training.

For data collection, the participants completed a self-administered
reproductive health questionnaire during a personal meeting in which
an investigator explained the objective and the procedures of the study
and thereby, making it possible to resolve any doubts regarding the
questionnaire responses. The questionnaire had several items regard-
ing lifestyle habits of player and partner just to rule out potential con-
founders. The process was carried out jointly with the fitness trainer
or other members of the technical staff of the sports organization with
regards to training components, making sure data regarding the train-
ing components was accurate.

Sample size estimation
Considering the absence of any previous data on the association of
training load and bias in the offspring sex ratio, we used data gener-
ated from our previous work (Vaamonde et al., in press). The calcula-
tion of the sample size was made based on a difference in intensity

percentage among groups reported within this latter study. A confi-
dence level of 95% and a statistical power of 80% was used. From
these calculations, a minimum sample size of 68 participants was
deemed to be appropriate.

Statistical analyses
The sex of the offspring was taken as the main dependent variable.
Training load expressed as volume (low, moderate, high) and intensity
(low, moderate, high) of exercise were the major independent varia-
bles. Other variables analyzed were: the number of children of each
athlete (which ranged from 1 to 4), order of births and existence of
some problem in the fertility pattern (specifying it with each son or
daughter).

To examine the qualitative variables, frequency tables were used,
and to relate the variables of volume and intensity training load, specifi-
cally with the offspring variables. To this end, the v2 test was used and
probability level for statistical significance was set as P< 0.05. Fisher’s
exact test was using for the high-training load versus low-training load
analysis. The statistical analysis was carried out using the SPSSVR 22.0
program.

Results
Seventy-five soccer players who fathered a total of 122 live child births
participated in the study. One of the players was excluded as he had
fathered three children from three different partners. None of the chil-
dren included in the analysis came from a multiple pregnancy (twins/
triplets). The overall total offspring ratio was 52 males (42.6%), and
70 females (57.4%).

As noted, training volume and intensity where each stratified into
low, moderate and high categories. Differences in both the volume
(P< 0.001) and intensity (P< 0.001) of training influenced the ob-
served sex of the child. Specifically, the number of females being born
was significantly increased with respect to the number of males when
the fathers engaged in training involving either a high volume or high in-
tensity compared to respective lower volume or intensity training peri-
ods (see Table I).

Relative to intensity, when examining just the female children sam-
ple, significantly more births of girls were observed in the period of
training that involved high-intensity exercise versus moderate or low
intensities (i.e. 45 vs 12 vs 13 out of 70, respectively; P< 0.001; see
Table I). No such pattern was found in the sample of male children
(15 vs 23 vs 14 out of 52, P> 0.05). As noted, when female versus
male births were compared within each intensity, only the high-
intensity comparison was significant (45 (75%) females vs 15 (25%)
males, P< 0.001).

Interestingly, when examining a subgroup of offspring (n¼ 53) in
which their athlete fathers engaged in periods of both combined high-
load volume þ high-load intensity training, versus a low-load volume
þ low-load intensity training, an even slightly greater bias toward girls
birth was detected (P< 0.05; Table II).

There were no associations between the sex of the child and the
order of child birth (P> 0.05; Table III).

Exercise training load and offspring 2615
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Discussion
To the best of our knowledge, this is the first study that assesses the
influence of exercise-sports training load on the sex of the offspring of
male soccer athletes. The results reveal a significant bias in the sex ra-
tio toward females as a result of higher-load volume and, or intensity
of training. The observed bias toward greater female offspring is in op-
position to the general statistical data for sex ratio of live births in the
region to which the teams belonged which is consistently around 51%
males (Anuario de Estadı́sticas Vitales, 2015, 2017) as well as world-
wide (World Health Organization, 2018). We postulate the bias in the
sex of the offspring seems to be a consequence of high-load training
(volume and/or intensity) acting as a physiological stressor to the male
reproductive system by potential means of several interrelated path-
ways; such as increased core temperature, increased glucocorticoid
production and increased ROS-oxidative stress (Vaamonde et al.,
2006, 2009, 2014, 2018). Regarding the latter, it is accepted that the
Y chromosome is more vulnerable to stress damage than the X chro-
mosome, hence being affected to a greater extent by such stressor
events, and as such potentially leading to the ratio deviation observed
(Aitken and Krausz, 2001).

Soccer is an intermittent type sport when matches are played, char-
acterized by periods of activity and inactivity and as such of varying
degrees of physiological stress (Smpokos et al., 2018). Player activity
relies on anaerobic actions (i.e. sprints), but also greatly on aerobic
metabolism (matches are 90 min) and these metabolic demands in-
volve elevated consumption of glycogen reserves as well as inducing
fat oxidation (Hulton et al., 2013). In order to prepare for these
games, players need to undergo training loads involving high-volume
and high-intensity efforts. The high metabolic demands of this sport
promote ROS formation because of the imbalance between oxidant/
antioxidant status of lymphocyte and neutrophil populations (Sureda
et al., 2009). While an accumulative effect cannot be ruled out, some
of the existing reports on the effect of exercise on sperm characteris-
tics show clear acute effect (Vaamonde et al., 2006); therefore, peri-
ods of high volume and high intensity would be more detrimental to
sperm.

The X- and Y- chromosome bearing sperm respond differently to
different stressors that can damage sperm DNA (Pérez-Crespo et al.,
2007; Oyeyipo et al., 2017; You et al., 2017; Shi et al., 2019), and,
specifically the spermatocyte and spermatid stages of development are
more susceptible to such damage (Pérez-Crespo et al., 2007; Malo
et al., 2017). This results in distorted proportions of the sex chromo-
somes during these spermatogenic processes (Banks et al., 2005).
While apoptotic events eradicate some of the defective sperm, some
damaged cells do complete the spermatogenic cycle (Malo et al.,
2017); even though they exhibit differences in survival or fertilizing ca-
pacity (Ishihara et al., 2009).

Intense exercise has been linked to several altered semen parame-
ters (Vaamonde et al., 2006, 2009, 2014, 2018) as well as increased
sperm DNA fragmentation, increased presence of macrophages, in-
creased ROS and a decreased total antioxidant capacity (Vaamonde
et al., 2014, 2018). It is clear that the type of sports training, athletic
performance level and the physical exercise effort can potentially mod-
ulate these reproductive responses (McMurray and Hackney, 2000)
and as such may impact the specific time point of conception.

......................................................................................................

Table I The number (and percentage within an individual
sex) of children born relative to the influence of the indi-
vidual training factors (volume and intensity) monitored
in the study.

Volume training component

Boys Girls

Low Moderate High Low Moderate High

22 23 7! 32 2 36!

(42.3%) (44.2%) (13.5%) (45.7%) (2.9%) (51.4%)

P < 0.001

Alike symbols differ

Intensity training component

Boys Girls
Low Moderate High Low Moderate High

14 23 15! 13 12 45!

(27.0%) (44.2%) (28.8%) (18.6%) (17.1%) (64.3%)

P < 0.001

Alike symbols differ

......................................................................................................

Table II Number of male and female children born from
male soccer players undergoing either high-load training
involving both high volume (V) þ high intensity (I) versus
low-load training involving low volume þ low intensity
(P<0.05, alike symbols differ).

Sex High-load
(high V 1 high I)

Low-load
(low V1 low I)

Total

Girls 24k 12 36

(80%) (52%)

Boys 6k 11 17

(20%) (48%)

Total 30 23 53

Percentages represent within a respective training load.

......................................................................................................

Table III The order of childbirth does not associate with
off-spring sex ratio.

Order of child birth Total

1st 2nd 3rd 4th

Sex
Boy 36 14 2 0 52

Girl 39 19 11 1 70

Total 75 33 13 1 122

Values are number of children born (no significant differences were noted due to or-
der P> 0.05).

2616 Vaamonde et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/hum

rep/article/35/11/2613/5917256 by guest on 26 M
arch 2023



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..
We recognize there are limitations (e.g. small sample size, a sample

of convenience) and potential confounders to our study, such as ethnic
background, parental age, socioeconomic status, timing of intercourse
relative to ovulation, coital frequency and sex steroid hormone—gona-
dotrophins (in either parent) levels all of which can impact on the
offspring sex ratio (James 2013; James and Grech, 2018). Thus, we
acknowledge further research is needed to confirm or refute our
findings which must be viewed as preliminary. It is recommended that
such future work expand on the measurements obtained, implement a
design that overcomes our sampling limitations, and most specifically
conducts direct assessment of sperm characteristics and hormonal
profiles.

In conclusion, high-level sports training should be considered as a
stressor to the reproductive system, and as such may potentially skew
the sex at birth of the offspring; i.e. affecting population dynamics.
Further studies are needed to confirm our sex bias findings. It is also
necessary to clarify the underlying mechanisms leading to this bias so a
better understanding as how the primary sex ratio is modulated.
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Pérez-Crespo M, Pintado B, Gutiérrez-Adán A. Scrotal heat stress
effects on sperm viability, sperm DNA integrity, and the offspring
sex ratio in mice. Mol Reprod Dev 2007;75:40–47.

Exercise training load and offspring 2617

D
ow

nloaded from
 https://academ

ic.oup.com
/hum

rep/article/35/11/2613/5917256 by guest on 26 M
arch 2023



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..Polasek O. Did the 1991-1995 wars in the former Yugoslavia affect
sex ratio at birth? Eur J Epidemiol 2006;21:61–64.

Ryan JJ, Amirova Z, Carrier G. Sex ratios of children of Russian pesti-
cide producers exposed to dioxin. Environ Health Perspect 2002;
110: A699–A701.

Shi X, Chan DYL, Zhao MP, Chan CPS, Huang J, Li TC. Comparison
of DNA fragmentation levels in spermatozoa with different sex
chromosome complements. Reprod Biomed Online 2019;38:56–65.

Smpokos E, Mourikis C, Theos C, Linardakis M. Injury prevalence
and risk factors in a Greek team’s professional football (soccer)
players: a three consecutive seasons survey. Res Sports Med 2018;
30:1–13.

Song S. Does famine influence sex ratio at birth? Evidence from the
1959–1961 Great Leap Forward Famine in China. Proc Biol Sci
2012;279:2883–2890.

Sureda A, Ferrer MD, Tauler P, Romaguera D, Drobnic F, Pujol P,
Tur JA, Pons A. Effects of exercise intensity on lymphocyte H2O2

production and antioxidant defences in soccer players. Br J Sports
Med 2009;43:186–190.
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