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R E S U M E N

La normalidad de la morfología espermática está inversamente correlacionada  
con los kilómetros de ciclismo en triatletas de élite

Objetivo. El presente estudio tiene por objetivo evaluar la relación existente entre el volumen semanal de 
entrenamiento realizado por los triatletas, como parte de su entrenamiento habitual, y el porcentaje de 
espermatozoides que exhiben una morfología normal (morfología espermática). 
Métodos. Los valores de 15 triatletas varones, que compiten tanto nacional como internacionalmente, fue-
ron evaluados. Todos los sujetos debían haber participado en la prueba Ironman y haberla completado. Se 
realizó un análisis detallado del volumen de entrenamiento realizado en cada modalidad. La evaluación 
morfológica se llevó a cabo siguiendo los criterios estrictos de Kruger. Los estudios de correlación se reali-
zaron para verificar la relación entre el volumen semanal de entrenamiento (total y para cada modalidad) 
y la morfología espermática. 
Resultados. La evaluación detallada del entrenamiento reveló los siguientes valores (media ± desviación 
estándar) para las tres modalidades que practican los triatletas: carrera 49,42 ± 7,37 km; natación 11,31 ± 
3,05 km y ciclismo 330,77 ± 56,04 km. Los valores de normalidad de morfología espermática mostraron 
una correlación estadística inversa (r = -0,71; p < 0,01) con el volumen de ciclismo. Los sujetos que tenían 
menos del 4% de formas normales, considerados con pronóstico pobre, realizaban sistemáticamente más de 
300 km/semana.
Conclusión. Existe una alta correlación inversa entre el porcentaje de espermatozoides con morfología 
normal y el volumen semanal de ciclismo en los triatletas. Se puede concluir, por tanto, que un alto volu-
men de ciclismo, especialmente por encima de los 300 km/semana, es perjudicial para la morfología esper-
mática y puede llevar a un serio impedimento en la fertilidad masculina.
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A B S T R A C T

Purpose. This study aims to assess the relationship between the amount of weekly training volume cov-
ered by triathletes as part of their regular training and the percentage of sperm exhibiting normal morphol-
ogy (sperm morphology).
Methods. Semen values of 15 male triathletes, competing both at national and international level were 
assessed. All subjects were required to have participated in the Ironman competition and had to had com-
pleted it. A detailed assessment of training volume for each modality triathletes undergo was performed. 
Morphology assessment was performed following Kruger’s strict criteria. Correlation studies were per-
formed to verify the relation between weekly training volume (total and for each modality) and sperm 
morphology.
Results. Detailed training assessment revealed the following weekly values (mean ± SD) for the three 
modalities triathletes practice: running: 49.42 ± 7.37 km, swimming: 11.31± 3.05 km, cycling: 330.77 ± 
56.04 km. Sperm morphology values showed a statistical inverse correlation (r = -0.71; p < 0.01) with cy-
cling weekly volume. Subjects with less than 4% of normal forms, considered as poor prognosis pattern, 
were systematically covering over 300 km/week.
Conclusion. There is a high inverse correlation between sperm morphology (percentage of normal forms) 
and the weekly volume of cycling in triathletes. It can concluded, therefore, that a high cycling volume, 
especially above 300 km/week, is detrimental to sperm morphology, and may even lead to a serious im-
pairment of male fertility.
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Introduction 

Sports practice is promoted as a means for health improvement in gen-

eral. However, it ought to be taken into account that, when inappro-

priately or excessively practiced, it may lead to undesired secondary 

effects1. 

In fact, it is generally accepted that, in elite athletes, sports practice 

may be more detrimental than beneficial, provoking multisystemic  

damage such as muscular, osteoarticular, cardiac, etc.2-6. In line with 

this, reproductive function has been assessed in athletes with regards to 

possible negative effects. Due to clear symptoms (delayed menarche, 

amenorrhea, oligomenorrhea), researchers postulated the existence of a 

relationship between exercise and reproductive function in female 

athletes7-13. 

Such relationship has been harder to assess in male athletes due to 

the absence of symptoms as evident as in the case of female athletes. 

However, many researchers have tried to assess this relationship by 

means of hormonal and/or seminological evaluations14-18. De Souza and 

colleagues established that, in order to observe alterations in semen pa-

rameters, a minimum effective volume of a 100 km/week had to be 

attained17,18. We have also observed, when comparing different exercise 

modalities, that triathletes had worse values for seminological parame-

ters than physically active subjects and/or water polo players19. In fact, 

one of the parameters that seemed to be more affected by exercise load 

was sperm morphology. Sperm morphology is an essential parameter in 

the assessment of male fertility20-23. This parameter can offer an estima-

tion of the prognosis for in vivo and in vitro conceptions22,23, and it may 

be, by itself, the most important parameter in the assessment of male. 

It is known that triathlon is one of the sports with the highest train-

ing volume, which was also observed in our previous study19. We hypo-

thesize that sperm morphology is more susceptible to alterations due to 

sports practice, especially high volume training. Thus, the aim of the 

present study was to correlate, in international level triathletes, the 

weekly volume covered as part of their regular training to the percenta-

ge of sperm exhibiting normal morphology (sperm morphology).

Methods

Subjects

Fifteen male subjects participated from the present study. The study 

was approved by the Institutional Review Board of the University of 

Córdoba, and informed consent was obtained from all participants. The 

participants composed a rather homogenous sample, they were aged 

33.1 ± 3.5, and had a weight (kg), height (cm), and body fat (%) of 74.5 ± 

7.6, 175.3 ± 3.7, and 7.0 ± 2.9, respectively. As for their exercise back-

ground, it should be noted that they had been practicing for several 

years, as it would be expected from the level in which they were com-

peting. The subjects, with a VO2max of 64.0 ± 5.1 ml/min/kg, had been 

training for 8.1 ± 3.2 years. 

In order to rule out any possible factors affecting sperm production 

(childhood illnesses, trauma, surgery, etc.), a physician reviewed the 

subjects’ medical histories as well as intake habits (alcohol, cigarettes, 

coffee, etc.) and occupational risks, which were assessed by means of 

specific questionnaires. 

Any subject that could present with an impaired reproductive func-

tion due to factors other than exercise was excluded from the study. Not 

having any exclusion criteria, and having participated, and finished, in 

the Ironman competition were considered as inclusion criteria for the 

study. Training was carefully assessed in detail, especially regarding 

weekly volume expressed both as total volume and as volume for each 

of the modalities. 

Procedures 

With regards to weekly volume, an assessment of the training periodi-

zation was performed, and all subjects answered a questionnaire about 

their weekly training, stating the volume, both in time (minutes), and in 

covered distance (km) for every one of the modalities trained, that is, 

running, cycling and swimming. This information was used for the 

analysis of weekly training volume as well as for subsequent correlation 

studies with sperm morphology. 

As for morphology assessment, subjects collected, into a sterile con-

tainer, the semen sample after a period of abstinence of 3-6 days. For 

proper sperm morphology assessment and categorization, Kruger’s strict 

criteria were followed24. For such purpose the participants were required 

to bring the sample to the lab within 30 minutes after collection. Two 

slides of sperm extensions were prepared for each subject. The sperm 

extensions were stained using a quick stain (Diff Quick, Dade Diagnostics, 

Fla. USA). Two-hundred sperm per subject were analyzed with the 100x 

under oil, observing and recording any abnormalities. Head, midpiece, 

and tail were assessed for each spermatozoon. Any borderline form was 

considered abnormal according to Kruger’s guidelines. 

Statistical analysis

One-way ANOVA was performed to compare weekly volumes (minutes, 

and distance) among the practiced modalities. Data normality was as-

sessed through the Shapiro-Wilk test and standard visual inspection; all 

variables (cycling volume, and sperm morphology) presented normal 

distribution. Pearson correlation studies were performed to verify rela-

tion between cycling km/week and sperm morphology. Statistical sig-

nificance was set at p < 0.05 and values were given as mean ± standard 

deviation. 

Results

The assessment of training periodization and the applied questionnaire 

revealed the following values with regards to training: 9.9 ± 1.8 ses-

sions per week, and 122.6 ± 62.7 minutes per session.

Figure 1 shows the volume distribution triathletes undergo for run-

ning, swimming, and cycling, expressed as total weekly minutes. It can 

be observed how the triathletes spend significantly more time for the 

cycling modality than any of the other two (p < 0.05). Triathletes, as it 

can be derived from the figure 1, spend less time training for the swim-

ming modality (p < 0.05). 

Moreover, it can be observed how the differences among the three 

modalities increase if, instead of considering the time employed in each 

modality, the total volume expressed as kilometres/week is analyzed. 

As it would be easily expected from the time employed, triathletes cov-

er a greater distance in the cycling modality than in any of the other two 

modalities (fig. 2). 

When analyzing the correlation between the number of covered ki-

lometers and the number of normal forms, total weekly volume did not 
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Sperm morphology seemed the most altered parameter as derived 

from previous studies27-29. Due to the importance of morphology, and its 

apparent susceptibility, it became, therefore, the aim of the correlation 

in the present study. 

De Souza and colleagues established 100 km week-1 as the  

threshold value for sperm abnormalities17,18. They established  

this threshold for the running modality. While our subjects had not 

undergone such running volume, they had a higher volume both in 

cycling alone and for the combination of the three modalities. In any 

case, it is deemed possible that each modality may have its own vo-

lume threshold, especially since metabolic requirements are expec-

ted to be different. In fact, as Gebreegziagher and colleagues27 sug-

gests, the different effects produced on spermatogenesis by different 

modes of exercise may be due to different stress factors imposed on 

the body, such as physical, chemical, and biological. Endurance exer-

cise is generally accepted to be able to produce changes in body tem-

perature and hormonal milieu. This condition may be further aggra-

vated in cycling where subjects are clearly exposed to mechanical 

compression and irritation, even sometimes producing a microtrau-

ma, of the testes, epididymis, and vas deferens during cycling27,28. 

Due to such compression, a reduction in blood flow may occur; this 

show any correlation (r = -0.29; p > 0.05). Neither running nor swim-

ming showed any correlation either (r = -0.12; p > 0.05; r = 0.09; p > 0.05, 

respectively). Cycling modality, however, showed a high inverse corre-

lation (r = -0.71; p < 0.05) between the distance covered and the number 

of normal sperm forms (fig. 3).

Discussion

The main finding of the present study is that cycling training volume 

inversely correlates to sperm morphology. That is, athletes with the  

highest weekly training volume (greatest distance covered in km) had 

the lowest percentage of normal sperm. 

Besides being common knowledge, we undertook a careful observa-

tion and analysis of the volume triathletes practice in each modality. If we 

take in consideration that while running volume, swimming volume, and 

total volume did not show significant correlation with sperm morpholo-

gy, the high correlation observed for the cycling modality may rely on 

factors inherent to cycling modality besides the covered volume. 

Since cycling was the modality with the greatest volume, it seemed 

logical that this modality would be the one with the greatest possibility 

for producing anomalies in sperm production. Moreover, as derived 

from the fact that total volume did not significantly correlate to sperm 

morphology, cycling might be the most detrimental modality not only 

for volume reasons but also for factors inherent to cycling training 

(saddle, clothing, etc.). While all subjects have a value for sperm mor-

phology below 14% which is the traditionally accepted value for nor-

mality according to Kruger’s strict criteria, those with higher training 

volume in cycling have lower values than the other subjects. Moreover, 

it seems that those systematically covering distances over 300 km per 

week (fig. 3) would have values so low that they would be included  

in the p-group (poor prognosis) with regards to pregnancy outcome  

according to Kruger’s newest categorization25,26. It would be expected, 

therefore, that subjects in this category would have problems when 

trying to conceive. 

Our results seem to be in agreement with those previously published 

by other groups17,18,27. It seems that the volume threshold hypothesis may 

be confirmed. This study not only seems to confirm such hypothesis but 

also adds substantial information so as to how affected sperm are. 
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aspect is of special importance since nutrition of the sperm cell line-

ages may be impaired. 

The compression of the area, produced mainly by the bike saddle and 

the tight culottes worn, may generate an undesired increase in intra-

scrotral temperature which is well known to be detrimental for the 

sperm production process, especially causing interference in the devel-

opment of primary spermatocytes30,31. Reduction in testosterone levels 

due to prolonged bouts of exercise has also been reported; this, obvi-

ously, could seriously compromise spermatogenesis32. Moreover,  

changes in body mass and energy balance, which may be modality spe-

cific, may also play a role in the appearance of male reproductive patho-

logy. Thus, the effect of different modes of exercise on spermatogenesis 

may differ. On the other hand, from the obtained results, it seems evi-

dent that exercise-related infertility problems are not only observed 

among different modalities but also within the same modality. 

For triathletes, it is difficult to estimate what the volume threshold 

would be to start observing alterations, especially since they all undergo 

high volumes. However, it can be concluded that a high cycling volume 

is detrimental to sperm morphology. Moreover, it can also be inferred 

that a distance of 300 km/week seems to be the threshold in cycling for 

a serious impairment in fertility. 

Future research is needed to further clarify the relationship between 

training volume and male fertility-related problems, and maybe even 

determining volume thresholds that can be modality-specific. Studies 

should be undertaken to assess sperm morphology in more detail and 

try to find out what the mechanism behind these alterations is. 
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