Original Article
Male reproductive health and infertility The World Journal of l.)

pISSN: 2287-4208 / e[SSN: 2287-4690 Y Check for
World J Mens Health Published online Jan 2, 2024 M E N S H EA LTH iocsles

https://doi.org/10.5534/wjmh.230106

Effects of Physical Activity on Fertility Parameters:
A Meta-Analysis of Randomized Controlled Trials

Arturo Lo Giudice'”, Maria Giovanna Asmundo'®, Sebastiano Cimino'®?, Giuseppe Morgia'®,
Andrea Cocci*™, Marco Falcone’®, loannis Sokolakis*™, Paolo Capogrosso’™, Afonso Morgado®”,
Giorgio Ivan Russo'™”; on behalf of the EAU-YAU Sexual and Reproductive Health Group

'Department of Surgery, Urology Section, University of Catania, Catania, *Department of Urology, University of Florence, Florence, *Urology
Section, University of Turin, Molinette Hospital, Turin, ltaly, “Department of Urology, Martha-Maria Hospital Nuremberg, Nuremberg,
Germany, *Department of Urology, University of Insubria, Insubria, Italy, “Department of Urology, Centro Hospitalar Universitdrio Sdo Jodo,
Porto, Portugal

Purpose: Augmented adiposity may negatively impact sexual sphere through its metabolic effects and its detrimental impact on
reproductive hormones. Moreover, a dysregulated metabolic pathway may promote apoptosis among spermatogenic cells. Based
on these premises, a relation between weights loss and ameliorate semen parameters seems beneficial. To investigate if physical
activity may affect semen parameters and fertility rate, a systematic literature search on major dataset has been performed.
Materials and Methods: The search terms included: “Assisted reproduction therapies,” “fertility,” “semen parameters,” “sperm
parameters,” and “physical activity.” This analysis was conducted according to the Preferred Reporting Items for Systematic Re-
views and Meta-analysis guidelines and it was registered on PROSPERO (CRD42023384471). A total of 47 studies have been
identified; 1 reference has been eliminated after duplication check. After preliminary screening 32 papers have been excluded.
Considering the exclusion criteria, 15 full-text articles were evaluated for eligibility. After a full-text review, six studies published
during a span of eight years (2014-2022) have been included in the meta-analysis. Semen parameters, pregnancy and birth rates
were investigated. The revised Cochrane risk of bias tool (Rob2) has been used to check the risk of bias.

Results: The number of patients enrolled in studies ranges from 17 to 521; in the end, a total of 1,637 patients have been
enrolled in the study. Fertility parameters investigated were semen quality parameters and pregnancy rates and live births. A
statistically significant relationship between physical exercise and sperm concentration (p=0.02), total sperm maotility (p<0.01),
total sperm count (p<0.01), normal morphology (p<0.01) has been established. Moreover, the study registered a statistically
significant association within physical activity and total pregnancy rate (p<0.01) and live birth rate (p<0.01).

Conclusions: We demonstrated that physical activity is significantly associated with amelioration of semen parameters and
may be crucial in improving or even reverting male infertility.
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INTRODUCTION

Physical activity has been shown to have both posi-
tive and negative effects on fertility parameters [1]
while moderate physical activity has been associated
with improved sperm quality, including increased
sperm count and motility [2]. In fact, an increase in
adiposity may adversely affect male fertility due to its
metabolic and hormonal effects [3].

In a recent systematic review and meta-analysis of
observational studies, authors reported that sperm
count was lower in class II and class III obesity catego-
ries (—0.66; p<0.001, and —0.20; p=0.001, respectively) if
compared to non-obese patients [1].

Since infertility occurs as a result of different meta-
bolic conditions, the underlying mechanisms could be
better investigated from a multidisciplinary perspec-
tive. It is important to note that the relationship be-
tween physical activity and fertility is complex and it
may depend on the individual’s exercise habits, overall
health, and underlying medical conditions.

In fact, sedentary lifestyle behaviors not only im-
pact general wellness but also fertility parameters by
accelerating aging-processes. A study conducted by
Sharqawi et al [4] reported that patients with longer
telomere length (16/84 vs. 7/91; p=0.04) are the ones who
train most; contrarily those who practice less physical
activity are reported to have shorter telomeres. Conse-
quently, sperm motility was negatively correlated with
telomeres length (0.588; p=0.002).

However, evidence about the role of exercise on
fertility and sperm parameters have never been sum-
marized due to discordant results and heterogeneity of
findings.

Based on these premises, the aim of this paper is to
perform a systematic review of randomized clinical tri-
als with metanalysis to assess if physical activity may
have a positive impact.

MATERIALS AND METHODS

1. Literature search

This analysis was conducted according to the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-analysis guidelines [5] and it was registered on
PROSPERO (CRD42023384471). We performed a sys-
tematic literature search of PubMed, EMBASE and
Scopus using Medical Subject Headings (MeSH) in-
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dexes, keyword searches, and publication types. The
research was limited to English articles. The search
terms included: “Assisted reproduction therapies,” “fer-

” <

tility,” “semen parameters,” “sperm parameters,” and
“physical activity”. Relevant articles identified in the
reference lists of the selected manuscripts have been
included, too. Eligible studies included published jour-
nal articles that provided quantitative data on the as-
sociation between physical activity and sperm concen-
tration, semen volume, total motility, total sperm count,
morphology (normal forms), pregnancies rate and live
birth rate.

2. Data extraction

Three reviewers applied eligibility criteria and se-
lected studies for inclusion in this systematic review.
Two reviewers (ALG, MGA) independently screened
records for inclusion; one reviewer (GIR) checked for
final inclusion or exclusion and resolved disagreements.
Decisions have been recorded in an excel sheet report-
ing principal data of the studies included (Authors,
year, DOI). A single reviewer (MGA) performed data
extraction using an excel sheets master format and a
single reviewer (ALG) checked extracted data that are
suitable for analysis. A Third reviewer (GIR) checked
for final inclusion or exclusion and resolved disagree-
ments. The following data were extracted from selected
paper: authors of the study, source, year of publication,
type of study design. Moreover, patients from selected
studies were divided into expose and control group; for
each category sperm concentration at baseline and at
follow-up, semen volume at baseline and at follow-up,
total motility at baseline and at follow-up, total sperm
count at baseline and at follow-up, morphology (per-
centage of normal sperm morphology) at baseline and
at follow-up, total pregnancies rate at follow-up, live
birth rate at follow-up were reported. All data will be
collected and managed with an excel spreadsheet and
the software Review Manager (RevMan, Version 5.4;
The Cochrane Collaboration, 2020).

3. Risk of bias assessment
Two reviewers (MGA and ALG) assessed the risk

of bias before the outcome’s extraction; the following
characteristics have been assessed: random sequence
generation (selection bias), allocation concealment (se-
lection bias), blinding of participants and personnel
(performance bias), blinding of outcomes assessment
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(detection bias), incomplete outcome data (attrition
bias), selective reporting (reporting bias). Cochrane risk
of bias tool had been applied to accomplish the task.
In conclusion, the third reviewer (GIR) solved any dis-
agreement between reviewers’ judgements.

4. Data analysis

Semen parameters, sperm concentration, semen vol-
ume, total sperm motility, total sperm count, sperm
morphology (percentage of normal sperm morphology)
had been reported at baseline and follow-up time as
mean with standard deviation for both groups. The
number of patients in groups have been reported as
continuous variable. Data about total pregnancies rate
and live birth rate at follow-up have been reported as
dichotomous variable of total events within patients’
groups. Also in this case, the number of patients be-
longing to the different groups have been reported as
continuous variable. Statistical heterogeneity has been
explored using y? test for continuous or dichotomous
variable. The outcomes about sperm concentration, se-
men volume, total sperm motility, total sperm count,
morphology (percentage of normal sperm morphology)
have been reported as a standard mean difference be-
tween the values at follow-up in physical activity and
controls group. The outcomes about total pregnancies
rate and live birth rate have been reported as a risk
difference (RD) between the ratio of total events to
total patients in physical activity group and controls
group.

RESULTS

1. Characteristics of the studies

A total of 47 studies have been 1dentified; 1 reference
has been eliminated after duplication check. After pre-
liminary screening 32 papers have been excluded. Con-
sidering the exclusion criteria, 15 full-text articles were
evaluated for eligibility. After a full-text review, six
studies published during a span of eight years (2014—
2022) have been included in the meta-analysis (Supple-
ment Fig. 1) [2,6-10]. Semen parameters, pregnancy and
birth rates were investigated. The revised Cochrane
risk of bias tool (Rob2) has been used to check the risk
of bias (Supplement Fig. 2).

The number of patients enrolled in studies ranges
from 17 to 521; in the end, a total of 1,637 patients have
been enrolled in the meta-analysis. Parameters inves-
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tigated were semen quality parameters (i.e., sperm con-
centration, semen volume, total sperm motility, total
sperm count, sperm morphology) and pregnancy and
live births rates. In particular, a total of 340 patients
have been enrolled in the three studies investigating
semen quality [2,6,7] while a total of 1,297 patients have
been enrolled in the studies investigating pregnancy
rate and live births rate [8-10]. A total of two refer-
ences that studied sperm concentration parameters in
a sample of 280 total patients were included [2,6]; three
studies investigated semen volume and total motility
parameters among a 340 patients-sample [2,6,7]; two
studies enrolling 99 patients assessed total sperm count
[2,7]; two more articles investigated normal sperm
forms among 323 participants [6,7]; finally, three stud-
ies enrolling a total of 1,297 patients investigated preg-
nancy rate and live births rate [8-10]. Characteristics of
the studies included in the meta-analysis are listed in
Table 1. The qualities of these studies were all satisfac-
tory according to the previously specified criterion.

2. Analysis

Standard mean difference (SMD) (IV, Fixed, 95%
confidence interval [CI]) analysis has been performed
to investigate on the association between physical ac-
tivity and sperm concentration, semen volume, total
motility, total sperm count and normal forms. RD (IV,
Fixed, 95% CI) analysis has been performed to investi-
gate on the association between physical activity and
total pregnancies rate and live birth rate.

We revealed that the association between physical
activity and sperm concentration is statistically signifi-
cant (Z=2.37; p=0.02) with a SMD of 0.28 (95% CI 0.05—
0.52); heterogeneity between studies was 0% (chi*=0.16,
df=1; p=0.69) (Fig. 1).

We also evidenced that the association between
physical activity and total motility is statistically sig-
nificant (Z=5.62; p<0.00001), with a SMD of 0.63 (95%
CI 0.41-0.85); heterogeneity between studies was 60%
(chi?=4.99, df=2; p=0.08) (Fig. 2).

We demonstrated that the association between
physical activity and total sperm count is statistically
significant (Z=2.83; p<0.005), with a SMD of 0.62 (95%
CI 0.19-1.05); heterogeneity between studies was 0%
(chi>=0.00, df=1; p=0.99) (Fig. 3).

The association between physical activity and normal
forms 1is also statistically significant (Z=4.93; p<0.00001),
with a SMD of 056 (95% CI 0.34-0.78); heterogeneity
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Physical activity Control Std. Mean difference Std. Mean difference
Study or subgroup Mean SD Total Mean  SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Andersen et al 2022 98.7 75 9 679 40 8 5.9% 0.48 [-0.49, 1.45] —
Montano et al 2022 62.72 39.04 137 5255 3516 126 94.1% 0.27 [0.03, 0.52] -
Total (95% CI) , 2146 134 100.0% 0.28 [0.05, 0.52] o
Heterogeneity: chi'=0.16, df=1 (p=0.69); I'=0% } t t {
-2 -1 0 1 2

Test for overall effect: Z=2.37 (p=0.02)

Control Physical activity

Fig. 1. Forest plot of sperm concentration and physical activity. SD: standard deviation, CI: confidence interval.

Physical activity Control Std. Mean difference Std. Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Andersen et al 2022 92.8 137.1 9 46.3 209 8 51% 0.44 [-0.53, 1.40] —
Montano et al 2022 46.55 19.82 137 34.98 24.04 126 79.2% 0.53[0.28, 0.77] -
Rosety-Rodriguez et al 2014  63.5 5.8 30 56.3 6 30 15.7% 1.20 [0.65, 1.76] _—
Total (95% Cl) X . 176 164 100.0% 0.63[0.41, 0.85] >
Heterogeneity: chi'=4.99, df=2 (p=0.08); '=60% I } t {
Test for overall effect: Z=5.62 (p<0.00001) -2 -1 0 1 2
Control Physical activity
Fig. 2. Forest plot of total motility and physical activity. SD: standard deviation, Cl: confidence interval.
Physical activity Control Std. Mean difference Std. Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Andersen et al 2022 259.3 315.7 9 147.5 109.3 30 31.8% 0.62[-0.14, 1.38] R
Rosety-Rodriguez et al 2014 622 6.3 30 582 6.5 30 68.2% 0.62[0.10, 1.14] ——
Total (95% Cl) , i 39 60 100.0% 0.62[0.19, 1.05] >
Heterogeneity: chi'=0.00, df=1 (p=0.99); I'=0% I } } {
Test for overall effect: Z=2.83 (p=0.005) -2 -1 0 1 2
Control Physical activity
Fig. 3. Forest plot of total sperm count and physical activity. SD: standard deviation, Cl: confidence interval.
Physical activity Control Std. Mean difference Std. Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Montano et al 2022 7.34 3.88 137 556 3.86 126 83.1% 0.46 [0.21, 0.70] -
Rosety-Rodriguez et al 2014  51.2 5 30 459 48 30 16.9% 1.07 [0.52, 1.61]
Total (95% Cl) 167 156 100.0% 0.56 [0.34, 0.78] >
Heterogeneity: chi’=4.01, df=1 (p=0.05); I’=75% : : : |
-2 -1 0 1 2

Test for overall effect: Z=4.93 (p<0.00001)

Control Physical activity

Fig. 4. Forest plot of normal forms and physical activity. SD: standard deviation, Cl: confidence interval.

between studies was 75% (chi’=4.01, df=1; p=0.05) (Fig.
4).

The association between physical activity and semen
volume is not statistically significant (Z=1.37; p=0.17),
with a SMD of 0.15 (95% CI 0.06—0.36); heterogeneity
between studies was 0% (chi*=1.04, df=2; p=0.60). Re-
garding physical activity and total pregnancies rate,
our results proved that a statistically significant as-
sociation existed (Z=27.91; p<0.00001), with a RD of 0.50
(95% CI 0.46—-0.53); heterogeneity between studies was

99% (chi?=233.09, df=2; p=0.00001) (Fig. 5).

Moreover, we found that the association between
physical activity and live births rate is statistically
significant (Z=7.97; p<0.00001), with a RD of 0.71 (95%
CI 0.54—-0.89); heterogeneity between studies was 75%
(chi=8.22, df=2; p=0.02) (Fig. 6).

DISCUSSION

Herein our data suggested that physical activity sig-
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Physical activity ~ Control Risk difference Risk difference
Study or subgroup Events Total Events Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Maleki and Tartibian 2017 191 258 7 263 37.4% 0.71[0.66, 0.77] -
Hajizadeh Maleki and Tartibian 2017 31 188 6 202 36.1% 0.14[0.08, 0.19] -
Hajizadeh Maleki and Tartibian 2017 139 197 5 189 26.5% 0.68[0.61,0.75] -
Total (95% ClI) 643 654 100.0% 0.50[0.46, 0.53] ¢
Total events 361 18 ' t t |
Heterogeneity: chi’=233.09, df=2 (p<0.00001); 1=99% -1 -0.5 0 ) 0.5 B 1
Test for overall effect: Z=27.91 (p<0.00001) Control Physical activity

Fig. 5. Forest plot of total pregnancies and physical activity. SD: standard deviation, Cl: confidence interval.

Physical activity =~ Control Risk difference Risk difference
Study or subgroup Events Total Events Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Maleki and Tartibian 2017 180 191 3 7 228% 0.51[0.15, 0.88] —_—
Hajizadeh Maleki and Tartibian 2017 24 31 3 6 17.0% 0.27[-0.15,0.70] —
Hajizadeh Maleki and Tartibian 2017 127 139 0 5 60.3% 0.91[0.69, 1.14] —
Total (95% Cl) 361 18 100.0% 0.71[0.54, 0.89] g
Total events s ) 331 6 t t t |
Heterogeneity: chi’=8.22, df=2 (p=0.02); I’=76% -1 -05 o 05 1
Test for overall effect: Z=7.97 (p<0.00001) Control Physical activity

Fig. 6. Forest plot of live birth and physical activity. SD: standard deviation, Cl: confidence interval.

nificantly influenced semen parameters and pregnancy
outcome in infertile patients. A statistically signifi-
cant relationship between physical exercise and sperm
concentration (p=0.02), total sperm motility (p<0.01),
total sperm count (p<0.01), normal morphology (p<0.01)
has been established. Moreover, the study registered a
statistically significant association within physical ac-
tivity and total pregnancy rate (p<0.01) and live birth
rate (p<0.01). However, no relevant connection between
exercise and semen volume has been documented.

Previous studies have reported that obesity has a
detrimental impact on male fertility [11,12]. In more
details, Salas-Huetos et al [1] reported that overweight
and obesity were linked with lower sperm quality like
semen volume, sperm count and concentration, sperm
vitality, total motility, and normal morphology and
underweight was linked with reduced normal sperm
morphology.

Augmented adiposity may negatively impact on
sexual sphere through its metabolic effects and its
detrimental impact on reproductive hormones [3,13].
In fact, disrupted hypothalamic-pituitary-gonadal axis
negatively influences spermatogenesis process and,
therefore, fertility. Overabundance of adipose tissue
impacts on hormonal profile leading to altered testos-
terone/estrogen ratio and insulin, sex-hormone-binding
globulin, leptin, inhibin B level; all these components

6

www.wjmh.org

play a pivotal role on testosterone level and consequent
impaired spermatogenesis [14]. In addition, Jia et al [15]
revealed the increment of apoptosis of spermatogenic
cells in their “obesity group rats”. Moreover, according
to Garolla et al [16], dysregulated metabolic pathways
may promote apoptosis among spermatogenic cells via
overexpression and overactivation of pro-apoptotic fac-
tors as Bax. Furthermore, a recent study found that
apoptosis of testicular spermatogenic cells is one of the
major causes of male subfertility [17]. Moreover, obe-
sity and dyslipidemia are reported to challenge sperm
function through the activation of oxidative stress and
proinflammatory signaling among testicular cells [18].
Based on these premises, a relation between weights
loss and improvement of semen quality seems consis-
tent.

According to these findings and due to the multiple
influence of different metabolic conditions, a multi-
disciplinary approach seems the most appropriate to
investigate the underlying connections between body
weight and semen quality. Focusing on the role of ex-
ercise on sperm characteristics, a great heterogeneity
of results had been registered.

Literature evidenced that recreational physical ac-
tivity has a positive or neutral effect on semen qual-
ity while highly intense training may lead to worsen
parameters [19]. Several studies reported that relevant
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modification of semen parameters may occur according
to the type, duration and intensity of the training per-
formed.

In an animal study conducted by Silva et al [20],
the impact of physical exercise on testicular function
and antioxidant capacity were evaluated. Testicular
mitochondrial adaptation has also been investigated
in animal model performing intense training. Authors
demonstrated that higher level of serum testosterone
in older exercised animal if compared with the seden-
tary ones. Moreover, they benefited from augmented
mitochondrial antioxidant capacity and increased
levels of antioxidant enzymes (super oxide dismutase
[SOD] 1 and SOD 2) that lead to an improved capacity
to recover from cellular stress.

Before concluding we would like to underline some
limitation. Included studies were not homogeneous
and performed physical activity was different among
groups analyzed. Moreover, we did not account on
other putative risk factors related to health (i.e. diabe-
tes, smoking, etc.) or also genetic characters (i.e. related
genes). Moreover, studies weight is sometimes very dif-
ferent in plot and these could influence final results,
included studies numbers were small and had high
heterogeneity in forest plot, however a leave one out
meta-analysis or an individuation of potential outliers
can’t be performed due to the small number of stud-
ies included and for these reasons other clinical stud-
ies are necessary to confirm the findings of this meta-
analysis; next step could be the investigation of the
effect of physical activities on genomic in male infertil-
ity. Finally, studies did not report data on markers of
oxidative stress that may justify these findings.

On the other hand, strengths of the present meta-
analysis are the inclusion of randomized controlled tri-
als and full assessment of male infertility.

CONCLUSIONS

We demonstrated that physical activity is signifi-
cantly associated with amelioration of semen parame-
ters and may be crucial in improving or even reverting
male infertility. Further studies may be warranted to
confirm and strengthen our findings.
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