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Objective: To verify the effect of the physical activity the swimming and of the running, on a moderate form, on the seminal quality.
Methods: A cross-sectional study performed with healthy men practicing moderate physical activity. The seminal parameters of
39 men between the ages of 23 and 37 years were evaluated. The participants in this study belonged to three groups: the swimming
group (G1), the running group (G2), and the control group (G3). The level of physical activity was evaluated by calculating the metabolic
equivalents (METs), using the Compendium of Physical Activities (CPA) to identify the intensities. Seminal parameters of volume,
concentration/ml, total concentration, progressive motility, total motility, and sperm morphology were evaluated according to the normal
values recommended by the World Health Organization (WHO) (2010). The level of significance was p < 0.05. Results: The results did
not show statistical differences between groups regarding semen volume, concentration/ml, total concentration, progressive motility
and total motility. On the other hand, there is a statistical difference between the groups for sperm morphology. Besides, sperm
morphology was below the 4% threshold established by WHO for the swimming and running group. Conclusion: We noticed that
there are no differences in the seminal parameters of men who practice different sports modalities at a moderate level, however
sperm morphology can be impaired with the practice of moderate physical activity.
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Semen quality and male fertility potential can be influenced by some risk factors like age, lifestyle, environmental
factors, excessive alcoholic beverages consumption, medication, tobacco, stress, obesity, sedentary lifestyle, and also by
the practice of physical activity (PA)."” The last risk factor mentioned is especially important because the PA has become
widely popular worldwide. The physical exercise is promoted as an alternative to health, to reduce stress and improve
quality of life, and its effects are beneficial for different ages and genders.2° However, the performance of PA can lead
to deleterious effects and, in some cases, irreversible effects, such as: physical stress, changes in homeostasis, muscle
injuries and joint pathologies. In this context, it is important to be aware of the effect of sports on semen quality.

Nowadays, infertility has become a worldwide problem, with incidence around 8% to 15%. In about 50% of cases, the
cause of infertility is male, which raises doubts about the link between PA and male reproductive health.’®" This association
was evaluated and evidenced by some studies in female athletes, especially in runners, where the results suggested that
the practice of strenuous exercise has been associated with several disorders of the menstrual cycle, including pubertal
delay, luteal phase defects, anovulation, and amenorrhea.’? In men, where the results seem more controversial, some
authors found a positive association between PA and the improvement of semen quality.*#'> On the other hand, other
authors have found negative associations,®™ in which the seminal quality is impaired due to the practice of PA. Some
studies mention that there is no effect of PA on sperm quality.”>'® Despite the numerous advances in andrological
knowledge observed in the last decade, the considerable influence of sports on the male fertility remains unknown,
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making evident the innumerable contradictions between studies that measure the fact that PA is good or not for male
reproductive health.

It is worth discussing the fact that sports training cannot be easily quantified since it varies according to the intensity,
volume, and different sports modalities. Regarding the variables related to PA, the intensity and the volume are extremely
relevant on semen quality.””'* When the overload is increased to an ideal level (moderate intensity), there seems to be a
better response to the hormonal parameters and male reproductive health. On the other hand, when the overload imposed
by exercise is too high, there may be a negative influence on seminal quality."'” Other inherent parameters related to
PA mention that dysfunction in the reproductive system will depend on the sporting modality in question.?>?' However,
the results vary widely, and more solid conclusions are expected?? in the search field in human reproduction.

Running and swimming are among the most popular forms of physical exercise. The practice of different sports
activities, each one with its degree of impact, can result in differences in the seminal profiles of the practitioners. In this
perspective, PA is seen as a powerful stimulator of the endocrine system, acting differently and according to the modality,
and may cause changes in seminal quality.’** Thus, the objective of the present study is to verify the effect of swimming
and running PA, moderately, on seminal quality, more specifically on volume, concentration/ml, total concentration,
progressive motility, total motility, and morphology of spermatozoa.

The present cross-sectional study performed during July 2018 and October 2019, counted on the voluntary participation
of men, aged between 23 and 37 years old. All participants were naturalized Brazilians. The study was approved by the
Research Ethics Committee of the University of Caxias do Sul, and all participants signed a free and informed consent
form. The volunteers were also interviewed by a urologist doctor who filled out an epidemiological assessment form,
where possible risk factors that could alter the quality of the semen were highlighted. The participants were recruited
by one of the study researchers, who was responsible for going to gyms and sports clubs (with swimming and running
activities) to invite the subjects to participate in the study. In the city of Caxias do Sul, the Rio Grande do Sul, Brazil, the
subjects participants were recruited from three running groups and two swimming schools. The experiments had the
presence of 39 men, who were included (or not) in the experimental design, according to the criteria below.

CRITERIA FOR INCLUSION AND EXCLUSION

The men participating in the study had to meet the following inclusion criteria: a) do not have a known medical
condition that could interfere with seminal quality; b) perform moderate-intensity PA, one to five times a week, lasting
at least 30 minutes a day; c) perform physical activity with a consumption of 20 to 40 METs-hours/week (swimming
and running groups); d) perform physical activity with a consumption of 10 to 20 METs-hours/week (control group);
d) be between 18 and 40 years of age.

The exclusion criteria adopted were as follows: a) the use of alcoholic beverages, drugs, cigarettes, anabolic or to use any
type of medicines that can alter seminal quality; b) having undergone surgeries that may alter the seminal quality, such as
scrotal surgery; c) having undergone chemotherapy or radiotherapy; d) being exposed to pesticides or paints that may impair
seminal quality; e) being obese (body mass index (BMI) = 30 kg/m?), sedentary, with diabetes, depression or any disease that
may affect seminal quality; f) making use of antioxidants such as vitamin supplements, which can benefit seminal quality.

The 39 participants in this study belonged to three groups: 13 to swimming group (G1), 13 to running group (G2),
and 13 to the control group (G3). The Participants’ Classification Flowchart (Figure 1) was created to facilitate the analysis
of individuals and the division performed in groups.

A seminal sample was collected from each participant, with a total of 39 samples for the study. No participant was
excluded from this study.

The seminal parameters were analyzed according to the normal values recommended by the World Health Organization
WHO,* and they are mentioned in Table 1.

The table of participants’ morphofunctional characteristics and training (Table 2) was created to facilitate the exposure
of the morphofunctional characteristics and the forms of training of groups 1, 2, and 3. Participants had a mean age
of 29.7 years old (ranging from 23 to 33 years old), 88.4% had normal BMI (<25 kg/m2) and 11.6% were considered overweight
(BMI between 25-29.9 kg/m?). The mean value of METs-h/week was 25.0 (22.7-27.3) (G1 and G2) and 16.7 (14.7-18.7) (G3),
with G1 training at a mean of 2.7 h/week, G2 of 3.3 h/week and G3 1.0 h/week. The G1 participants practiced swimming an
average of 3.7 years (2.4-5.0 years), whereas G2 participants practiced running on an average of 4.1 years (2.6-5.6 years).
The G3 participants practiced physical activity in an average of 2.5 years (2.0-3.0 years). According to these data, it was
possible to identify a significant difference between the groups in the value of METs-h/week, number of sessions/week,
and duration of the training.
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Figure 1 - Flowchart of classification of participants
Source: prepared by the author.

Table 1 - Normal values for seminal analysis parameters

SEMINAL PARAMETER

Volume
pH
Color
Liquefaction
Viscosity
Concentration/ml
Total concentration
Progressive motility
Total motility
Morphology
Vitality

Note: values stipulated according to the WHO parameters.2*

CONTROL
G3(n=13)

STANDARD VALUES

>1.5ml
7.2-8.0
Opaque white
<30 min, complete
Normal
> 15x10°¢ sperm per ml of semen
> 39x10°¢ spermatozoa by ejaculate
> 32% with linear progression
> 40%
> 4% with normal shapes
> 58% of living forms

Table 2 - Morphofunctional characteristics and training of the participants

G1

G2

G3

el Swimming Running Control e
N° of participants 13 13 13
Level of training Moderate Moderate Low
Age (years) 29.5+4.0 28.7+3.8 31.0+£3.3 0.58
Weight (kg) 75.4+9.8 77.5+9.1 80.8+9.3 0.59
Height (cm) 178.2+£6.6 179.6 £ 6.1 176.5+6.4 0.58
BMI (kg/m?) 23.7+23 241 £1.9 259+ 2.1 0.67
METSs - h/week 32.0+1.7¢ 325+2.9 16.7 £ 2.020 0.00
N° of sessions/week 3.3+0.6¢ 3.5+0.8¢ 1.8 +0.42b 0.00
Duration of training (min) 49.6 + 5.5P¢ 56.6 + 4.43¢ 30.2 +4.23b 0.02
Training time (years) 3.7+1.3 4.1 +£1.5¢ 2.5+0.5° 0.01
Values given as mean + standard deviation.
aSignificant difference (p < 0.05) compared to the swimming group.
bSignificant difference (p < 0.05) compared to the running group.
Significant difference (p < 0.05) compared to the control group.
dAnalysis of variance (ANOVA).
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INTENSITY EVALUATION OF THE PHYSICAL EXERCIS

The intensity of physical exercise was measured by calculating the METs hours of PA per week. Participants mentioned the
duration of their training and the number of sessions in the last seven days. In order to estimate the total METs hours per
week, we checked the METs of the PA of swimming, running, walking, and stretching, and calculated the average METs for each
participant. We classified the moderate physical activity between 4 to 8 METs and the low physical activity between 2 to 4 METSs.
The Compendium of Physical Activities (CPA) proposed by Ainswort et al.?> was used to identify the intensities. Having the
number of training sessions per week and the duration of the participants' training, we could calculate the number of hours
of PA per week. Finally, we multiplied the mean of the METs by the total number of hours of PA per week.

MATERIAL SAMPLING AND COLLECTION

A seminal sample was collected by masturbation, between a period of 2 to 5 days of abstinence. After liquefaction, the seminal
analysis was performed by the manual method. Morphology slides were about Tygerberg's written criterion.?® The collections
were carried out in an appropriate room destined for this purpose in Clinic Conception - Reproduction Human Center
(Conception - Centro de Reprodug¢do Humana).

MACROSCOPIC EVALUATION OF SEMEN

Seminal and spermatic parameters were evaluated from 30 to 60 min after ejaculation at a temperature of 37°C,
thus proceeding the seminal liquefaction before the sperm concentration and other parameters were evaluated.
The macroscopic evaluation of the ejaculate fluid was carried out to evaluate the following aspects: color, volume,
viscosity, and liquefaction. The ejaculate volume was measured by the entire sample aspiration using a graduated
pipette coupled to an electronic pipettor.

CONCENTRATION DETERMINATION AND SPERM MOTILITY

After mixing completely the seminal material with the aid of a sample blender (vortex for 2 seconds to mix the sample), its
pH was evaluated manually. For the determination of sperm concentration and motility a five microliter liquefied aliquot was
inserted into a Makler counting chamber, with the use of a pressure pipette, until the filling was completed. These samples were
manually analyzed by using an optical microscope equipped with a 20X phase contrast objective and a magnification of 200X.

SPERMATOZOON MORPHOLOGY DETERMINATION

According to the classification of Tygerberg's strict criteria,?® a spermatozoon is considered normal when its head has
an oval and perfect configuration, with a well-defined acrosome, covering about 40-70% of the spermatozoon cephalic
portion. Heads with a border shape are considered abnormal. The length of the normal heads for stained spermatozoa
is 5-6 pm and the width is 2.5-3.5 pm. There should be no abnormality in the middle piece or tail. The intermediate piece
should be thin, attached to the central part of the body, and less than Tpm wide. Its length should be approximately
one and a half times the length of the head measurement. The cytoplasmic inclusion may not be greater than half the
cephalic portion of the spermatozoon, while the tail should be uniform, slightly thinner than the intermediate piece,
approximately 45 pm, and may not be spiral.

Two smears of each sample were prepared on microscopy slides and then fixed and stained. The method used for
the fixation depends on the staining technique to be applied. For the accomplishment of the present study, we used
the Diff-Quick method of staining. After the slide had dried in the ambient air, it was identified with the patient's name,
access number, and date. This slide was immersed in the Diff-Quick fixative solution (1.8 mg/L triarylmethane dye, 100%
pyridinium dichromate in methyl alcohol) five times, followed by an interval of one-second between each immersion. After
approximately 15 min, the slide was immersed in Diff-Quick Solution | (1 g/L dye xanthene 100% pyridinium dichromate,
buffer, and sodium acid (0.01%)) three times for one second followed by an interval of one second. The excess dye was
withdrawn and the slide was immediately immersed in Diff-Quick solution Il [1.25 g/L thiazine dye, 100% pyridinium
dichromate (0.625 g/L azure A and 0.625 g/L methylene blue)] by five times, followed by one second, with the interval
of one second. The slide was washed in deionized water to remove any excess dye.

Using an ocular micrometer the spermatozoa were measured when there was doubt about damage as for its length or
width. At least four areas of different fields were analyzed on each smear. The evaluation was done using the immersion
objective lens with high-quality fluorescence anti-slip oil (1000X). The spermatozoa were classified as normal or abnormal.
After analysis of the seminal quality, the biological material was discarded (eliminated).

The Seminal quality analysis Flowchart was elaborated (Figure 2) to facilitate the analysis of the procedures mentioned
above, as well as to simplify the methodology for the seminal analysis in groups 1 and 2.
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Figure 2 - Flowchart of seminal quality analysis
Source: prepared by the author.

SAMPLE CALCULATION

Based on the literature data, the sample calculation was performed through a pilot study containing six individuals
from each group. Thus, the number of individuals required (n = 13) was identified to detect a minimum difference
of 25 million in the total number of spermatozoa, and to achieve a statistical power of 90%. The G* Power program was
used to calculate the statistical power version 3.1.4, written by Franz Faul (2012), of Kiel University, Germany.

STATISTICAL ANALYSIS

The mean and the standard deviation were calculated for the descriptive analysis of the continuous variables.
The inferential analysis the normality of the data was tested through the Shapiro-Wilk test for all dependent variables.
When normality was confirmed, the analysis of variance (ANOVA) was used to compare the groups for the descriptive
variables. For all the tests it was adopted a p < 0.05.

The seminal parameters results are shown in Table 3. According to them, it is possible to observe that, compared to
the swimming group (G1), the values were better for the running group (G2) for all seminal parameters. However, there
was no significant difference between the groups. In the comparison of the control group with both groups (G1 and G2),
there has been a significant difference the sperm morphology. In addition, the sperm morphology was below the WHO
threshold of 4% for G1 and G2.

Table 3 - Seminal parameters of groups 1, 2, and 3

Parameters . o q G2' o
Swimming Running Control value®

Volume (ml) 22+1.0 26+1.7 3.4+0.9 0.07
Concentration/ml (10%/ml) 62.5 + 38.1 91.3+37.8 64.9 +32.6 0.11
Total concentration (10°) 124.5 +93.0 210.5+£92.8 211.8+95.3 0.11
Progressive motility (%) 43.3+23.9 53.8+18.5 454 +12.5 0.37
Total motility (%) 63.1 £ 24.8 68.8 £ 16.7 63.3+£11.9 0.69
Morphology (%) 2.3+0.9° 3.3+ 1.4¢ 5.0 £ 0.72b 0.02

Values given as mean * standard deviation.

aSignificant difference (p < 0.05) compared to the swimming group.
bSignificant difference (p < 0.05) compared to the running group.
Significant difference (p < 0.05) compared to the control group.
dAnalysis of variance (ANOVA).
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From these data, the means of the seminal parameters for G1, G2, and G3 were (2.2 ml; 2.6 ml; 3.4 ml) for the sperm
volume, (62.5 x 10%/ml; 91.3 x 10%/ml; 64.9 x 10¢/ml) for the concentration/ml, (124.5 x 10% 210.5 x 10 211.8 x 10°)
for the total concentration, (43.3%; 53.8%; 45.4%) for progressive motility, (63.1%; 68.8%; 63.3%) for total motility,
and (2.3%; 3.3%; 5.0%) for morphology, respectively.

Regarding the results of the participants’ morphological and training characteristics (Table 2), the only parameter that
resulted in the statistical difference between the groups (G1 and G2) was the duration of the training, with mean values
of 49.6 min for the G1, and 56.6 min for the G2. In the comparison of the control group with the groups G1 and G2 there
has been a significant difference in the value of METs-h/week, number of sessions/week, and duration of the training.
The rest of the morphological characteristics showed a very close averages for groups G1, G2 and G3 (29.5 years;
28.7 years; 31.0 years) for age, (75.4 kg; 77.5 kg; 80.8 kg) for weight, (178.2 cm; 179.6 cm; 176.5 cm) for the height,
(24.1 kg/m? 23.7 kg/m? 25.9 kg/m?) for the BMI.

Our data suggest that the means of the volume, concentration/ml, total concentration, progressive motility, and
total motility seminal parameters in all groups are within the reference values prescribed by the WHO.?* However, the
spermatic morphology is below these values for G1 and G2. The results also suggest that there is a statistical difference in
swimming and running practitioners having sperm morphology of lower quality compared to the control group. For other
semen parameters, such as volume, concentration/ml, total concentration, progressive motility, and total motility, no
clear relationships were found between the groups. Other physical parameters such as color, viscosity, liquefaction, pH,
and vitality did not present relevant associations for the groups, being within the normal range.

The objective of our study was to evaluate the effect of moderate recreational physical activity on seminal quality,
assuming that moderate physical activity could generate benefits for seminal quality. Data indicate that the practice of
moderate PA can have a beneficial or neutral effect on male reproductive health.’s?”28 |n this context, a large sample
study (2,261 men) conducted by Wise et al.’® did not establish any association between regular (moderate) physical activity
for any semen quality parameter. Besides a recent study by Ibafiez-Perez et al.?® suggests that moderate (< 2 h/week)
and intense (> 2 h/week) running does not cause significant changes in semen quality in men of infertile couples.
However, in our study we found low values for sperm morphology in both physical activities of moderate intensity.
The evaluation of the spermatic morphology was made through Tygerberg's strict criteria,?® where the mean values in
both groups were below the established threshold (2.3% for G1 and 3.3% for G2). The relationship between moderate
PA and low sperm morphology was unexpected, as we did not find this relationship in previous studies. It is important
to note that although our results are not consistent with other studies’l health.’®?728 |t should be noted that we do not
compare moderate PA with a control group formed by sedentary people, but with a control group formed by healthy
people practicing low-intensity physical activity, which could be the reason for the contradiction.

On the other hand, our results are in agreement with a study by Vaamonde et al.,?> who compared three sports with
different levels of training (physically active group, water polo, and triathlon). The results of this study showed that
morphology was the most affected seminal parameter, resulting in a statistical difference and clinical relevance in the
comparison between sports. Moreover, another study®° reveals that sperm morphology was one of the parameters
most affected by a cycling training program. From this perspective, when comparing different sports, there seems to
be a greater effect on sperm morphology.

It is worth mentioning that when comparing our study data with other studies, a strong range of factors should be
taken into accounts, such as the method for assessing PA intensity and the forms used for the analysis of semen.
Increasingly, studies with a similar objective to ours report the lack of a standard for sperm analysis.>'"'7" Also, it
should be emphasized that PA (as a variable) cannot be easily quantified due to the wide variety of exercises available.
Considering these factors, in our study semen samples were analyzed according to 2010 WHO criteria.?® To identify the
intensity of the participants’ physical activity, we performed the METs calculations. We emphasize that, although the
duration of training had a significant difference between the G1 and G2, the modalities had the same level of training
according to the METs-h/week values, fitting as moderate-intensity physical activities.

Interestingly, all values of the seminal parameters had better results for the running group compared to the swimming
group. However, there was no statistical difference between the groups. In our study, swimming participants trained in
semi-Olympic pools (25 meters) with a temperature of approximately 30°C (with a temperature range from 29°C to 31°C),
where the water method purification was done through ozone treatment and the addition of chlorine, clarifier, algicides,
pH lift, among other chemicals. Thus the differences observed in the swimmers' seminal profiles may be due to the
inherent characteristics of their training, since exposures to chemical products and environmental factors may affect
seminal quality.>'*? The same possibility was previously discussed by a study that investigated seminal parameters in

Nesello et al. Hum Reprod Arch. 2020;35:e000120. DOI: 10.4322/hra.000120 6/10



Effect of swimming and running on seminal quality Infertility

water polo players,? but such factors could or could not be directly related to the running group, once their training was
performed outdoors. However, a further investigation of the environmental effect in these sports would be interesting.

As far as we know, our study comparing two sports modalities with moderate intensity is the only one available in the
literature about the effect on seminal quality. We also believe to have the only study that analyzed seminal parameters
of moderate swimming. Only two other studies analyzed swimming in men.3* These studies verified hormonal effects
in elite swimmers, where the results seem contradictory. Nevertheless, the results of one of these studies® suggests that
during short-term intensive training (4 weeks), norepinephrine urinary excretion was significantly lower in overtraining
swimmers (overtraining syndrome) compared to well-trained swimmers. Therefore, excessive swimming training suggests
the possibility of neuroendocrine changes, which may interfere in reproduction. Another study?** analyzed the effect of
forced swimming (3 min in the water at 32 °C for 15 days) in adult male rats, suggesting that the stress generated by
swimming practice did not affect fertility, but significantly reduced sperm production, which could compromise seminal
health.

In the field of research in human reproduction, much has been debated about the decline of semen quality over the
years.>* A possible explanation for this fact could be the increase in sedentary behavior and obese people, resulting
from the simultaneous decrease in the practice of PA. The sedentary lifestyle may be associated with poor semen quality
and a sedentary lifestyle is related to poor sperm quality.?” As an alternative for the treatment of seminal quality, the
efficacy of moderate PA for seminal quality has been evidenced by several authors."'33%3% Among them, a study carried
out by Gaskins et al.*® found that sperm concentration was 43% higher in men who undertook moderate physical exercise
after seeking infertility treatment. This same hypothesis is defended by another study performed by,'* who verified the
seminal quality of 1026 sedentary men, aged between 25 and 40 years old, and with more than one year of infertility.
The results of this study provided information on the efficacy of moderate aerobic training as a treatment option for
male infertility. Therefore, it is worth pointing out that, although our study did not compare sedentary subjects with
swimmers and runners, we believe that most of the seminal parameters remained within the normal range because
they were analyzed in physically active subjects.

Most of the studies related to different sports modalities to male fertility, speak about cycling as one of the main sports
that can generate dysfunctions in the male reproductive system.2'%° This is due to the mechanical impact generated
to the scrotum area with the bicycle seat, in addition to other factors, such as the use of tight clothing and gonadal
overheating. However, in the case of the sports modalities surveyed (swimming and running), this fact is not evidenced,
since the participants of both modalities had no impact to the scrotal area and used comfortable clothes in their training.
In addition, the participants of this research reported not having made use of neither a type of supplement nor anabolic
steroids, thus avoiding possible damages in seminal quality. Evidence indicates that male hypogonadism (difficulty in
producing testosterone) may be caused by the use of anabolic steroids.*!

Among the limitations of the present study is the difficulty of characterizing the exact level of physical activities studied.
We recognize that none of the methods available to assess the level of physical activity is perfect.*> Another limiting
fact is that only one seminal sample was collected for each individual, but there are limited advantages of using more
than one semen sample per man in epidemiological studies.®® It should be pointed out though, that the men studied
were healthy and had no particular medical history that could influence their fertility potentials. Other issues related
to male reproductive health could have been investigated, such as hormonal profiles and sperm DNA fragmentation.

The moderate practice of swimming and running were associated with normal semen parameters for volume,
concentration/ml, total concentration, progressive motility, and total motility, however, the sperm morphology was
below the WHO criteria. In the comparison of modalities, swimming was associated with lower values in all seminal
parameters compared to running. However, there was no significant difference between the groups. In the comparison
of the control group with both groups (G1 and G2), there has been a significant difference in the sperm morphology.
The results suggest that there are no differences in the seminal parameters of men who practice different sports modalities
of moderate-intensity, however sperm morphology can be impaired with the practice of moderate physical activity.

Our observation investigated only healthy, physically active men. As future ideas, we will discuss the possibilities
of expanding our research with a larger samples, with another population, and with sedentary men who are starting
swimming and running, thus verifying the effect of these modalities before and after a training period.

To God, for being always by our side.
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ABBREVIATIONS AND SYMBOLS
PA Physical activity

G Group

BMI Body Mass Index

METs Metabolic equivalent
WHO World Health Organization
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