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1. Introduction

Abstract

Background: Male fertility contributes to the life quality of couples. Although
exercise has been reported to mitigate the declining trend in sperm quality, the
available reports are conflicting, and the precise influence on male fertility indices
warrants further investigation. Hence, this study evaluated the effect of exercise on
sperm quality, pregnancy outcomes, sex hormones, and markers of oxidative stress
and inflammation in men. Methods: This is a systematic review and meta-analysis
that evaluated exercise interventions, including aerobic, resistance, and combined
modalities, on conventional and advanced semen parameters, and pregnancy and
live birth rates. Results: Exercise considerably improved ejaculate volume, sperm
count, motility, morphology, and sperm DNA integrity. Also, exercise enhanced
seminal total antioxidant capacity (TAC) and decreased seminal reactive oxygen species,
malondialdehyde, and pro-inflammatory cytokines levels. More so, pregnancy and live
birth rates increased in the exercise group when compared with the control. Nonetheless,
exercise did not show any considerable effect on testosterone, luteinizing hormone
(LH), and follicle-stimulating hormone (FSH) levels. The observed effects varied
by exercise type and duration, with moderate aerobic exercise showing beneficial
effects. Moderate aerobic exercise enhances sperm quality and improves pregnancy
outcomes by attenuating oxidative stress and inflammation. Conclusions: These
findings show that moderate aerobic exercise is a promising non-pharmacological
strategy in male infertility management. However, more clinical trials are required to
optimize exercise protocols for reproductive benefits. The PROSPERO Registration:
https://www.crd.york.ac.uk/PROSPERO/view/CRD42024622166, CRD42024622166.
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Causes of male infertility
cryptorchidism [9], testicular torsion/detorsion [10, 11],

include varicocele [8],

Infertility is the failure of a couple to get pregnant sponta-
neously despite a year of regular, unprotected intercourse [1].
About one in six people of reproductive age have infertility
issues globally [2]. Although it is wrongly perceived as a
condition caused by female pathology, male factors account
for about 50% of the cases, either alone or in combination
with female factors [3, 4]. While the prevalence of male
infertility varies across the globe, it constitutes a major public
health burden across high-, middle-, and low-income countries
alike [5]. Previous studies have reported a declining trend in
sperm quality across the globe, suggesting an increase in the
prevalence of male infertility [0, 7].

infections of the reproductive tract [12], hormonal imbalances,
problems with sperm production, obstructions of ejaculatory
duct and vas deferens, genetic disorders, and exposure to
environmental toxicants (like heavy metal, pesticides, and
irradiation) [13—15]. Additionally, lifestyle choices have a
significant effect on male fertility. Smoking [16], excessive
alcohol intake [17], use of illicit drugs [18, 19], psychological
stress [20], and sedentary lifestyle [21] may impair sperm
quality, contributing to the global burden of infertility.

There is increasing evidence linking physical
activity/exercise with sperm quality. Physical activity
maintains a healthy body weight, which is vital as obesity

This is an open access article under the CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/).

Journal of Men's Health 2026 vol.22(7), 10-36

©2026 The Author(s). Published by MRE Press.

www.jomh.org


https://www.jomh.org
http://doi.org/10.22514/jomh.2026.056
https://www.jomh.org/
https://www.crd.york.ac.uk/PROSPERO/view/CRD42024622166

is linked to low testosterone levels and impaired sperm
production [22, 23]. Also, exercise enhances natural cellular
antioxidant levels, thus protecting sperm cells from damage
[22]. However, there are conflicting reports. Some studies
revealed that moderate-to-vigorous activity results in increased
total sperm count, concentration [24, 25], semen volume,
and sperm normal morphology [26], while some studies
show that physical activity was not associated with semen
quality [27, 28]. On the contrary, long-distance runners were
observed to have reduced semen volume and sperm motility
and morphology during training [29].

Despite the conflicting reports, there are scanty meta-
analyses that have pooled the available data in the literature
for a robust evaluation. Although the available meta-analyses
on exercise and semen quality reveal the potential benefits
of exercise on sperm quality [30, 31], these studies did
not explore the likely impact on pregnancy outcomes and
the associated mechanisms. Therefore, the present study
investigated the impact of exercise on sperm quality and
pregnancy outcomes. The impact on male sex hormones,
oxidative stress, and pro-inflammatory cytokines was also
explored.

2. Materials and methods

2.1 Study protocol and measured outcomes

This systematic review and meta-analysis was prospectively
registered on PROSPERO (CRD42024622166) and synthe-
sized data from prior publications examining the effects of
physical activity or exercise on semen quality parameters, male
sex hormones, pregnancy outcomes, and oxidative stress mark-
ers. We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [32]. The
PRISMA check list is provided as a Supplementary material
1.

Primary outcomes included exercise-induced changes in se-
men volume, sperm count, concentration, total and progres-
sive motility, normal morphology, DNA fragmentation, and
pregnancy and live birth rate. Secondary outcomes included
levels of total and free testosterone, follicle-stimulating hor-
mone (FSH), luteinizing hormone (LH), sex hormone-binding
globulin (SHBG), cortisol, reactive oxygen species (ROS),
malondialdehyde (MDA), total antioxidant capacity (TAC),
interleukin (IL)-8, IL-6, IL-13, and tumor necrosis factor
(TNF)-av.

2.2 Eligibility criteria
This study addresses the research question: “Does exercise
improve semen quality and pregnancy outcomes?”. It was

structured according to the Population, Intervention, Compara-
tor, Outcome, and Study designs (PICO) framework.

2.2.1 Inclusion criteria

Studies were included if they met all of the following PICO-
based criteria:

i. Population: Males of reproductive age.

ii. Intervention: Effects of exercise on semen quality and
pregnancy outcomes.
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iii. Comparator: Age-matched controls with comparable so-
ciodemographic characteristics, but no exercise involvement.

iv. Outcomes: Reported sperm parameters (semen volume,
sperm count, concentration, total motility, progressive motil-
ity, normal morphology, DNA fragmentation), pregnancy out-
comes (pregnancy rate, live birth rate), male sex hormones
(free and total testosterone, FSH, LH, SHBG), cortisol, ox-
idative stress markers (ROS, MDA, TAC), and inflammatory
cytokines (IL-8, IL-6, IL-13, TNF-a) as means with standard
deviations (SDs) or data allowing SD derivation.

v. Study design: Controlled cross-sectional or longitudinal
studies addressing the effect of exercise on semen quality,
reproductive hormones, markers of oxidative stress and in-
flammation, and pregnancy outcomes.

2.2.2 Exclusion criteria

Studies were excluded for any of the following reasons:

i. Population: No participant age reported.

ii. Intervention: Combined exercise with unspecified
lifestyle changes, drugs, or in vitro/animal studies.

iii. Comparator: Lacked non-exercising control group.

iv. Outcomes: No quantifiable data (means/SDs or deriv-
able) for variables of interest; self-reported reproductive out-
comes.

v. Study design: Case studies, reviews, commentaries,
letters, or editorials.

Additional exclusions included theses, conference abstracts,
retracted papers, and preprints. No language restrictions were
applied.

2.3 Search strategies

All authors performed a comprehensive search of Cochrane,
Embase, PubMed, Scopus, and Web of Science databases up
to 30 March 2025. Search terms combined Medical Sub-
ject Headings (MeSH) and Boolean operators: (“sperm” OR
“semen” OR “sperm count” OR “sperm concentration” OR
“sperm motility” OR “semen volume” OR “sperm DNA” OR
“DNA fragmentation index (DFI)”) AND (“pregnancy” OR
“live birth”) AND (“testosterone” OR “luteinizing hormone”
OR “LH” OR “follicle-stimulating hormone” OR “FSH” OR
“sex hormone-binding globulin” OR “SHBG” OR “cortisol’)
AND (“oxidative stress” OR “ROS” OR “reactive oxygen
species” OR “MDA” OR “malondialdehyde” OR “TAC” OR
“total antioxidant capacity”) AND (“IL-15” OR “IL-6” OR
“IL-8” OR “TNF-a” OR “cytokine”).

Eligible studies were compiled, and citation chasing was
used to identify additional relevant papers. Five investigators
(CAA,PJA, VJA, AEA, TMA) screened abstracts and full texts
for eligibility; disagreements were arbitrated by REA.

2.4 Quality assessment and data extraction

Quality of evidence (QoE), risk of bias (RoB), and certainty of
evidence (CoE) were evaluated using the Cochrane RoB tool
and Grading of Recommendations Assessment, Development
and Evaluation (GRADE) Working Group guidelines, as de-
tailed in prior work [14, 32]. Assessments were performed by
five investigators (BMA, AAO, OAA, CAA, DTM), with REA
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resolving disputes. Relevant data were extracted by BMA,
AAO, OAA, CAA, and DTM.

2.5 Statistical analysis

CAA and REA conducted meta-analyses in Review Manager
(RevMan) version 5.4.1 (Cochrane Informatics and Technol-
ogy (IT) Services, London, UK). Random-effects models were
applied for significant heterogeneity (p < 0.1 or /2 > 50%);
fixed-effects models for low heterogeneity (p > 0.1 or I?
< 50%). Publication bias was inspected via funnel plots.
Subgroup analyses targeted longitudinal studies; sensitivity
analyses excluded the highest-weighted study, those with high
RoB in >1 domain, or low CoE. Statistical significance was
set at p < 0.05. Results are presented as standardized mean
difference (SMD) or weighted mean difference (WMD) with
95% confidence interval (CI) and p values.

3. Results

3.1 Study identification and inclusion

A total of 37,472 articles were collected. After screening out
the duplicates and those that were not eligible, only 16 articles
33-48] were included (Fig. 1).

3.2 Study characteristics

All included studies were controlled studies; six were cross-
sectional, seven were non-randomized controlled longitudinal
studies, and three were randomized controlled trials (RCTs).
Four of the studies were from the USA, two from Australia,
one each from Egypt and Colombia, two from Italy, and three
each from Iran and Spain. Other details of the included studies
are in Supplementary Table 1 (Ref. [33-48]).

3.3 Assessment of the quality of the studies

All the included studies had good QoE (>5/10) (Table 1, Ref,
[33—48]). Three of the included studies [33, 34, 36] had unclear
RoB on random sequence generation, allocation concealment,
and incomplete outcome data domains, one had unclear risk on
allocation concealment [35] and random sequence generation
[39] only, and one on allocation concealment and incomplete
outcome data [37]. Three of the studies [42, 44, 48] had high
RoB on at least one domain, while others [40, 41, 43, 45—
47] had low RoB on all domains (Fig. 2A, Ref. [33-48]).
Overall, there was <75% low RoB on the random sequence
generation and allocation concealment domain each, 75% on
the incomplete outcome data domain, <100% but >75% on
the selective reporting domain, and 100% on the blinding of
participants/personnel, blinding of outcome assessment, and
other bias domains each (Fig. 2B).

In addition, there was high CoE in all eligible studies except
in one [37] that had low CoE (Table 2, Ref. [33—48]).

3.4 Quantitative analysis

3.4.1 Semen volume

Exercise significantly increased semen volume when
compared with the control (—0.48 [-0.82, —0.15] 0.004),

but there was inter-study heterogeneity (1> = 91%; x? p
< 0.00001) (Fig. 3, Ref. [33-48]). Publication bias was
observed (Supplementary Fig. 1).

The subgroup analysis of longitudinal studies also showed a
significant increase in semen volume in subjects who exercised
when compared with the control counterpart (—0.13 [0.23,
—0.04] 0.007), and there was no inter-study heterogeneity (/2
=29%; x? p = 0.19). Subgroup analysis of the moderate
aerobic exercise studies revealed that exercise significantly
improved semen volume (—0.59 [-1.06,—0.12]0.01), but there
was also an inter-study heterogeneity (/2 = 93%; x? p <
0.00001). In addition, the sensitivity analysis revealed that
exercise involvement significantly increased semen volume
in comparison with the control (—0.66 [—1.22, —0.11] 0.02),
but there was inter-study heterogeneity (12 = 91%; x? p <
0.00001) (Fig. 3).

3.4.2 Sperm count

Fourteen studies were examined for the influence of exercise
on sperm count, consisting of 438 controls and 430 subjects
in the exercise group. Sperm count significantly increased
in the exercise group in comparison with the control group
(—8.22[-13.50,—2.94] 0.002). However, there was inter-study
heterogeneity (12 = 73%; x2 p < 0.00001) (Fig. 4, Ref. [33—
48]). There was a significant publication bias (Supplementary
Fig. 2).

Subgroup analysis of longitudinal studies of sperm count
among subjects who exercised showed an insignificant in-
crease in comparison with the control group (—4.69 [-9.41,
0.02] 0.05) and there was inter-study heterogeneity (/2 = 79%;
x% p < 0.0001). Subgroup analysis of the moderate aerobic
exercise studies showed that exercise significantly improved
sperm count (—6.80 [—12.54, —1.07] 0.02), but there was also
an inter-study heterogeneity (12 = 80%; x2 p < 0.00001). Also,
the sensitivity analysis revealed that exercise significantly in-
creased sperm concentration (—8.30 [—15.80, —0.81] 0.03), but
there was inter-study heterogeneity (12 = 56%; x2 p = 0.01)

(Fig. 4).
3.4.3 Sperm concentration

The effect of exercise on sperm concentration was assessed
in fifteen studies with 593 and 595 subjects in the control
and exercise group, respectively. There were no significant
changes in sperm concentration (—0.24 [-5.77, 5.30] 0.93),
but there was inter-study heterogeneity (I2 = 78%; x2 p <
0.00001) (Fig. 5, Ref. [33—48]). Publication bias was observed
(Supplementary Fig. 3).

However, subgroup analysis of longitudinal studies revealed
that there was a significant increase in sperm concentration
in exercising subjects compared with the control counterpart
(—2.80 [-4.77, —0.82] 0.005) and there was no inter-study
heterogeneity (12 = 9%; x2 p = 0.36), while subgroup analysis
of the moderate aerobic exercise studies revealed that exercise
did not significantly alter sperm concentration (2.37 [-7.25,
11.99] 0.63), but there was also inter-study heterogeneity (/2
= 77%; x? p < 0.00001). The sensitivity analysis revealed
that sperm concentration was not significantly altered (8.42
[-4.06, 20.90] 0.19), but there was inter-study heterogeneity
(1% = 81%; x? p < 0.00001) (Fig. 5).
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FIGURE 1. PRISMA flowchart for the strategic identification, screening, and inclusion of eligible studies.

TABLE 1. Assessment of the quality of evidence of the eligible studies.
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1990

De Souza et al. [36], 1994
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Luigi et al. [41], 2001
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Random sequence generation (selection bias)

Allocation concealment (selection bias)
Incomplete outcome data (attrition bias)

Arce et al., 1993
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FIGURE 2. The risk of bias (RoB) of the included studies [33—48]; RoB summary showing each risk of bias item for
each included study (A) and each risk of bias item presented as percentages across all included studies (B). +: Low RoB;
—: High RoB.
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Study Initial Downgrading? Upgrading? Confidence in
Rating body of evidence
Arce et al. [33], 1993 High 1 (imprecision) 1 (consistency) High
Bagatell and Bremner [34], 1990 High 1 (imprecision) 1 (consistency) High
De Souza et al. [36], 1994 High 1 (imprecision) 2 (consistency, dose-response) High
Denham et al. [35], 2015 High - - High
Fahrner and Hackney [37], 1997 High 2 (unexplained - Low
inconsistency,
indirectness)
Ismail et al. [38], 2023 High - - High
Lalinde et al. [39], 2017 High - 1 (rare outcome) High
Lovell et al. [40], 2012 High - - High
Luigi et al. [41], 2001 High - - High
Maleki and Tartibian [42] High 1 (risk of bias) 1 (rare outcome) High
Maleki et al. [44], 2017 High 1 (risk of bias) 1 (rare outcome) High
Maleki et al. [43], 2013 High - - High
Montano et al. [45], 2022 High - - High
Rosety et al. [46], 2017 High - - High
Rosety-Rodriguez et al. [47], 2014 High - - High
Vaamonde et al. [48], 2012 High - - High

3.4.4 Sperm total motility

Sperm total motility was assessed in six studies to evaluate
the effect of exercise in 304 control subjects and 316 subjects
who engaged in exercise. Exercise showed no significant
impact on sperm total motility (—5.64 [—15.53, 4.24] 0.26), but
inter-study heterogeneity was significant (12 = 96%; x? p <
0.00001) (Fig. 6, Ref. [33—48]). Publication bias was also
noted (Supplementary Fig. 4).

The subgroup analysis of longitudinal studies showed an in-
significant increase in sperm total motility among the exercise-
group subjects when compared with the control group (—6.07
[-12.22, 0.09] 0.05), and there was inter-study heterogeneity
(I? = 84%; x? p = 0.0002). Subgroup analysis of studies
on the moderate aerobic exercise demonstrated that exercise
considerably increased sperm total motility (—10.20 [—18.47,
—1.93] 0.02), but there was also inter-study heterogeneity (/2
=93%; x2 p < 0.00001). The sensitivity analysis showed
that exercise had no significant impact on sperm total motility
(—5.38 [-19.19, 8.43] 0.45), but there was inter-study hetero-
geneity (12 = 96%; x? p < 0.00001) (Fig. 6).

3.4.5 Sperm progressive motility

Twelve studies were evaluated for the outcome of exercise on
sperm progressive motility, comprising 480 control subjects
and subjects who exercised. The global analysis showed no
significant changes, reflecting that exercise does not influ-
ence sperm progressive motility (—0.32 [-5.24, 4.59] 0.90).
Nonetheless, inter-study heterogeneity was significant (/2 =
89%; x% p < 0.00001) (Fig. 7, Ref. [33—48]). Publication
bias was also significant (Supplementary Fig. 5).

On the contrary, the subgroup analysis of longitudinal stud-

ies demonstrated a substantial increase in sperm progressive
motility in subjects who participated in exercise when com-
pared with subjects in the control group (—4.85 [-9.46, —0.25]
0.04), and there was inter-study heterogeneity (/2 = 87%; x?
p < 0.00001). Subgroup analysis of the moderate aerobic
exercise studies revealed that exercise did not considerably
alter sperm progressive motility (—2.22 [-7.89, 3.45] 0.44),
but there was also an inter-study heterogeneity (/2 = 90%; x>
p < 0.00001). Then again, the sensitivity analysis revealed
that exercise involvement did not alter the sperm progressive
motility (2.33 [-4.53, 9.19] 0.51), but there was an inter-study
heterogeneity (/2 = 88%; x? p < 0.00001) (Fig. 7).

3.4.6 Sperm normal morphology

Since sperm morphology was evaluated by the eligible studies
using different criteria (as stated in Supplementary Table
1), SMD was used. The effect of exercise on sperm normal
morphology was assessed in the intervention group, which
revealed that there was a marginal increase in comparison with
the control subjects (—0.24 [-0.50, 0.02] 0.07). Likewise, there
was inter-study heterogeneity (12 = 79%; x? p < 0.00001)
(Fig. 8, Ref. [33—48]). Also, a significant publication bias is
shown (Supplementary Fig. 6).

Furthermore, the subgroup analysis of longitudinal studies
proved that sperm normal morphology was significantly in-
creased in subjects who exercised when compared with the
control counterpart (—0.35 [-0.48, —0.22] <0.00001), inter-
study heterogeneity was significant (12 = 44%; x?p = 0.08).
Subgroup analysis of the moderate aerobic exercise studies
showed that exercise significantly improved sperm normal
morphology (—0.41 [—0.64, —0.17] 0.0006), but there was also
an inter-study heterogeneity (/2 = 58%; x? p = 0.006). In
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FIGURE 3. Effect of exercise on semen volume [33—48]. SD: Standard deviation; IV: Inverse variance;

Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce et al., 1993 (Aerobic) 25 18 10 42 158 10 31% -170(-3.18,-022)
Arce et al., 1993 (Endurance) 25 18 10 3 141 8  31%  -0.50(-1.98,0.98]
Denham et al., 2015 397 179 11 517 087 13 41%  -1.20[-2.36,-0.04]
De Souza et al., 1994 (High aerabic) 25 158 10 41 186 11 34%  -160(-299,-021]
De Souza et al., 1994 (Moderate aerobic) 25 158 10 35 18 © 30% -100[283,0853) — | —
Ismail et al., 2023 258 024 20 261 024 20 78%  -0.03[0.18, 012 -
Lalinde-Acevedo et al., 2017 35 15 15 43 12 17  48%  -0.80[1.75,0.15) — =
Luigi et al., 2001 342 120 30 335 109 30 63% 007053 067 —_—
Maleki et al.,, 2013 (Elite athlete) 26 09 53 25 08 56 74%  0.10[-0.22,042 —
Maleki et al., 2013 (Recreational) 26 09 53 47 07 52 75% -210(-241,-179) ——
Maleki et al., 2017 (HICT) 351 0.75 68 372 076 62 76%  -0.21[-0.47,0.05) =1
Maleki et al., 2017 (HIT) 351 0.75 68 353 086 65 75%  -0.02[-0.280.25) -
Maleki et al,, 2017 (MICT) 351 0.75 68 393 086 66 76%  -0.42[-0.69,-0.15] ——
Montano et al. 2022 271 152 126 288 15 137 73%  -0.17[0.54,020] —_—
Rossty et al., 2017 344 155 45 381 164 45  61%  -0.37[1.03,0.29) —i
Rosety-Rodriguez et al., 2014 282 09 30 308 08 30 7.0%  -0.16[-0.61,0.29) —=r—
Vaamonde st al., 2012 319 074 15 324 081 16  66%  -0.05[-0.60,0.50] —_—
Total (95% CI) 642 647 100.0%  -0.48 [-0.82, -0.15] e
Heterogeneity: Tau? = 0.36; Chi* = 169.15, df = 16 (P < 0.00001); I* = 91% -2 _iI 3 -i
Test for overall effect: Z = 2.84 (P = 0.004)
Subgroup analysis (Longitudinal studies)

Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Arce et al., 1993 {Aerobic) 25 18 10 42 158 10 0.0% -1.70[-3.18,-0.22)
Arce et al., 1993 (Endurance) 25 18 10 3 141 8 00% -0.50[-1.98,0.98]
Denham et al., 2015 397 179 11 517 087 13 07% -120(-2.36,-0.04]
De Souza et al., 1994 (High aerabic) 25 158 10 41 186 11 0.0% -1.80[-2.99,-0.21)
De Souza et al., 1994 (Moderate aerobic) 25 158 10 35 18 & 00% -1.00(-253 053
Ismail et al., 2023 258 024 20 261 024 20 43.1% -0.03[0.18,0.12) —-
Lalinde-Acevedo et al, 2017 35 15 15 43 12 17  00% -0.80[-1.750.15
Luigi et al., 2001 342 120 30 335 109 30 26% 007053 067 —
Maleki et al.,, 2013 (Elite athlete) 26 09 53 25 08 56 00% 0.10[-0.22 042
Maleki et al., 2013 (Recreational) 26 09 53 47 07 52 0.0% -210(-241,-1.79)
Maleki et al., 2017 (HICT) 351 075 68 372 076 62 141% -0.21(-0.47,0.05] —
Maleki et al., 2017 (HIT) 351 0.75 68 353 086 65 126% -0.02(-0.28,0.25 —
Maleki et al., 2017 (MICT) 351 0.75 68 393 086 66 127% -042[-089,-0.15 —
Montano et al. 2022 271 152 126 288 15 137 7.4% -0.17 [-0.54,0.20) —
Rosety et al., 2017 344 155 45 381 184 46 22% 037(1.03,02) —
Rossty-Rodrigusz st al., 2014 282 09 30 308 086 30 48% -0.16(-0.61,029 —_—
Vaamonde et al., 2012 319 0.74 15 324 DB1 16 0.0% -0.05(-0.60,0.50]
Total (95% CI) 466 468 100.0% -0.13 [-0.23,-0.04] <>
Heterogeneity: Chi* = 11.30, df = 8 (P = 0.18); 1= 29% + o5 : o
Test for overall effect: Z = 2.67 (P = 0.007) ) )
Subgroup analysis (Moderate aerobic exercise)

Control Intervantion Sensitivity analysis T
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce st al., 1993 {Asrobic) 25 18 10 42 158 10 51% -170[(-3.18,-022]
Arce et al., 1993 (Endurance) 25 18 10 3 141 8 0.0%  -0.50(-1.980.98]
Denham et al., 2015 397 179 11 517 087 13 64%  -1.20[-2.36,-0.04]
De Souza et al., 1994 (High aerabic) 25 158 10 41 186 11 0.0%  -1.60(-2.99,-0.21)
De Souza et al., 1994 (Moderate aerobic) 25 158 10 35 18 O 50% -100[253,053) ——————————
Ismail et al., 2023 258 024 20 261 024 20 103%  -0.03[-0.18,0.12) =
Lalinde-Acevedo et al, 2017 35 15 15 43 12 17  73%  -0.80[1.750.15 —
Luigi et al., 2001 342 129 30 335 109 30 89% 007053 067 —
Maleki et al., 2013 (Elite athlete) 26 09 53 25 08 56 00%  0.10[-0.22 042
Maleki et al., 2013 (Recreational) 26 09 53 47 07 52 100% -210(-241,-1.79) ——
Maleki et al.,, 2017 (HICT) 351 0.75 68 372 076 62 00%  -0.21[-0.47,0.05)
Maleki et al., 2017 (HIT) 351 075 68 353 086 65 00%  -0.02[0.28,0.25]
Maleki et al.,, 2017 (MICT) 351 0.75 68 393 D86 66 100%  -0.42[-0.69,-0.15) —
Montano et al. 2022 271 152 126 288 15 137  98%  -0.17[0.54,0.20] —
Rosety et al., 2017 344 155 45 381 164 45 86%  -0.37[1.03,029) ——
Rosety-Rodriguez et al., 2014 292 09 30 308 086 30 95%  -0.16[-0.61,029) —T—
Vaamonde et al., 2012 319 0.74 15 324 081 16 91%  -0.05[-0.60,0.50] ——
Total (95% CI) 433 445 100.0%  -0.59 [-1.06,-0.12] o
Heterogeneity: Tau? = 0.58; Chi* = 153.18, df = 11 (P < 0.00001); I* = 93% 2 _:I 3 '
Test for overall effect: Z = 2.44 (P = 0.01)
Sensitivity analysis

Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce et al., 1993 (Aerabic) 25 18 10 42 158 10 57% -170[-3.18,-022)
Arce et al., 1993 (Endurance) 25 18 10 3 141 8 57%  -0.50(-1.98,0.98]
Denham et al., 2015 397 179 11 517 087 13 68%  -1.20[-2.36,-0.04]
De Souza et al., 1994 (High aerabic) 25 158 10 41 186 11 60%  -160(-2.99,-021]
De Souza et al., 1994 (Moderate aerobic) 25 158 10 35 18 © 55%  -100[253053) —
Ismail et al., 2023 258 024 20 261 024 20 00%  -0.03[0.18 0.2
Lalinde-Acevedo et al, 2017 35 15 15 43 12 17  75%  -0.80[1.75,0.15 —
Luigi et al., 2001 342 129 30 335 109 30 86%  0.07[053 067 —
Maleki et al., 2013 (Elite athlete) 26 09 53 25 08 56 93% 010022042 -
Maleki et al., 2013 (Recreational) 26 09 53 47 07 52 93% -210(-241,-179] ——
Maleki et al.,, 2017 (HICT) 351 0.75 68 372 076 62 00%  -0.21[-0.47,0.05)
Maleki et al., 2017 (HIT) 351 0.75 68 353 086 65 00%  -0.02[0.28,0.25]
Maleki et al., 2017 (MICT) 351 0.75 68 393 086 66 00% -0.42[-0.69,-0.15
Montano et al. 2022 271 152 126 288 15 137  92%  -0.17[0.54,0.20) —
Rosety et al., 2017 344 155 45 381 164 45  85%  -0.37[-1.03,0.29) —
Rosety-Rodriguez et al., 2014 282 09 30 308 086 30 91%  -0.16[-0.81,029) ——
Vaamonde et al., 2012 319 074 15 324 081 16 88%  -0.05[0.80, 0.50] —
Total (95% CI) 418 434 100.0%  -0.66 [-1.22,-0.11] -l
Heterogeneity: Tau? = 0.83; Chi? = 133.05, df = 12 (P < 0.00001); IF=91% -2 _il ” w'

Test for overall effect: Z = 2.35 (P = 0.02)

CI: Confidence

interval; HICT: High-intensity continuous exercise; HIIT: High-intensity interval exercise; MICT: Moderate-intensity continuous

exercise.



Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce et al., 1993 (Aerobic) 376 28657 10 332 23401 10 01% 44.00(-185.31, 273.31)
Arce et al., 1993 (Endurance) 376 286.57 10 342 101.82 8 01% 34.00[-157.12,22512]
Bagatell and Brenner, 1990 3161 276.44 12 4368 21425 1" 0.1% -120.70 [-321.93, 80.53] + *
Denham et al, 2015 1.33 1.39 11 1.39 1.41 13 247% -0.06 [-1.18, 1.06] *
De Souza et al., 1994 (High aerobic) 3759 186.26 10 352 230.84 1 0.1% 23.90 [-154.81, 202.61]
De Souza et al., 1994 (Moderate aerobic) 3759 186.26 10 3178 2499 9  01% 58.10([-141.86, 258.06]
Ismail et al_, 2023 364 535 20 374 664 20 22.2% -0.70 [-4.44, 3.04] e
Lalinde-Acevedo et al., 2017 426.19 257.96 15 42287 28513 17 04%  3.32[-184.86, 191.50] * *
Maleki et al., 2013 (Elite athlete) 1364 402 53 1582 521 56  5.9% -21.80[-40.82,-2.78) +——————————
Maleki et al., 2013 (Recreational) 1364 4902 53 1796 634 52 48% -43.20(-84.93, 2147
Maleki et al., 2017 (HICT) 19011 49.03 68 20731 B50.75 62 6.8% -17.20[-34.39,-0.01) +——————————
Maleki et al., 2017 (HIIT) 19011 4903 68 19269 5849 65 6.2% -2.58 [-20.96, 15.80]
Maleki et al., 2017 (MICT) 19011 49.03 68 23054 5935 66  6.2% -4043[-58.89,-2197] +¥——
Rosety-Rodriguez et al., 2014 58.2 6.5 30 822 6.3 30 228% -4.00 [-7.24, -0.76] —
Total (95% CI) 438 430 100.0% -8.22 [-13.50, -2.94] -
Heterogeneity: Tau® = 29.01; Chi* = 48.00, df = 13 (P < 0.00001); I*=73% 20 10 0
Test for overall effect: Z = 3.05 (P = 0.002)
Subgroup analysis (Longitudinal studies)

Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce et al., 1993 (Aerobic) 376 286.57 10 332 23401 10 00% 44.00[-185.31, 273.31]
Arce et al., 1993 (Endurance) 376 286.57 10 342 101.82 8 00% 34.00[-157.12,22512]
Bagatell and Brenner, 1990 3161 276.44 12 4368 214.25 1 0.1% -120.70 [-321.93, 80.53] * *
Denham et al., 2015 1.33 1.39 11 1.39 141 13 30.3% -0.08 [-1.18, 1.08] w*
De Souza et al., 1994 (High aerobic) 3759 186.26 10 352 23084 11 0.0% 23.90[-154.81, 202.61]
De Souza et al., 1994 (Moderate aerobic) 3759 186.26 10 3178 2499 9 00% 5810[-141.86, 258.06]
Ismail et al., 2023 364 535 20 374 664 20 258% -0.70 [-4.44, 3.04] —
Lalinde-Acevedo et al., 2017 426.19 257.96 15 42287 285.13 17 00%  3.32[-184.86, 191.50]
Maleki et al., 2013 (Elite athlete) 1364 492 53 1582 521 56  0.0% -21.80 [-40.82, -2.78]
Maleki et al., 2013 (Recreational) 1364 492 53 1796 634 52 0.0% -43.20[-84.93,-21.47]
Maleki et al., 2017 (HICT) 19011 4903 68 20731 5075 62 6.0% -17.20 [-34.39, -0.01)
Maleki et al., 2017 (HIT) 19011 49.03 68 19269 5849 65 54% -2.58 [-20.96, 15.80]
Maleki et al., 2017 (MICT) 19011 49.03 68 23054 59.35 66 54% -4043(-58.89,-21.97 +
Rosety-Rodriguez et al., 2014 582 65 30 622 63 30 269% -4.00 [-7.24, -0.76] —
Total (95% CI) 277 267 100.0% -4.69 [-9.41, 0.02] il
Heterogeneity: Tau® = 18.71; Chi* = 27.97, df =6 (P < 0.0001); I* = 79% 20 0 0
Test for overall effect: Z = 1.95 (P = 0.05)
Subgroup analysis (Moderate aerobic exercise)

Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce et al., 1993 (Aerobic) 376 286.57 10 332 23401 10 0.1% 44.00(-185.31,273.31]
Arce et al., 1993 (Endurancs) 376 286.57 10 342 10182 8 00% 34.00([-157.12, 22512)
Bagatell and Brenner, 1930 3161 276.44 12 4368 21425 1 01% -120.70 [-321.93, 80.53]
Denham et al., 2015 1.33 1.39 11 1.39 1.41 13 30.8% -0.06 [-1.18, 1.06] -
De Souza et al., 1994 (High aerobic) 3759 186.26 10 352 230.84 1 0.0% 23.90[-154.81, 202.61]
De Souza et al., 1994 (Moderate aerobic) 3759 186.26 10 3178 2499 9 01% 58.10[-141.86,258.08] * 4
Ismail et al., 2023 364 535 20 3741 664 20 27.5% -0.70 [-4.44, 3.04) .
Lalinde-Acevedo et al., 2017 42619 25796 15 42287 28513 17  01%  3.32(-184.86. 191.50]
Maleki et al., 2013 (Elite athlete) 1364 492 53 1582 521 56  0.0% -21.80 [-40.82, -2.78]
Maleki et al., 2013 (Recreational) 1364 492 53 1796 634 52 57% -43.20[-64.93,-2147]
Maleki et al., 2017 (HICT) 19011 49.03 68 20731 B50.75 62  0.0% -17.20 [-34.39, -0.01]
Maleki et al., 2017 (HIT) 19011 49.03 63 19260 58.49 65  0.0% -2.58 [-20.96, 15.80]
Maleki et al., 2017 (MICT) 190.11 49.03 68 23054 5935 66 74% -4043(-58.89,-21.97 +
Rosety-Rodriguez et al., 2014 582 6.5 30 822 63 30 28.3% -4.00 [-7.24, -0.76] —
Total (95% CI) 229 228 100.0%  -6.80 [-12.54, -1.07] -~
Heterogeneity: Tau? = 27.51; Ghit = 39.58, df = 8 (P < 0.00001); I = 80% ErS s =
Test for overall effect: Z = 2.32 (P = 0.02)
Sensitivity analysis

Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce et al., 1993 (Aerobic) 376 28657 10 332 23401 10 0.1% 44.00 [-185.31, 273.31)
Arce et al., 1993 (Endurancs) 376 286.57 10 342 10182 8 02% 34.00([-157.12, 22512)
Bagatell and Brenner, 1980 3161 276.44 12 4368 21425 1 0.1% -120.70 [-321.93, 80.53]
Denham et al, 2015 133 1.39 11 1.39 1.41 13 0.0% -0.06 [-1.18, 1.06]
De Souza et al., 1994 (High aerobic) 3759 186.26 10 352 230.84 1" 0.2% 23.90 [-154.81, 202.61] * *
De Souza et al., 1994 (Moderate aerobic) 3759 186.26 10 3178 2499 9 0.1% 58.10[-141.86, 258.06] * *
Ismail et al_, 2023 364 535 20 3741 664 20 38.7% -0.70 [-4.44, 3.04) e
Lalinde-Acevedo et al., 2017 42619 25796 15 42287 28513 17 02%  3.32(-184.86. 191.50]
Maleki et al., 2013 (Elite athlete) 1364 492 53 1582 521 56 11.4% -21.80 [-40.82,.2.78) ¥
Maleki et al., 2013 (Recreational) 1364 492 53 1796 634 52 8.3% -43.20(-64.93,-2147]
Maleki et al., 2017 (HICT) 19011 49.03 68 20731 50.75 62  0.0% -17.20 [-34.39, -0.01]
Maleki et al., 2017 (HIT) 19011 49.03 63 19260 58.49 65  0.0% -2.58 [-20.96, 15.80]
Maleki et al., 2017 (MICT) 19011 4903 68 23054 5935 66 0.0% -4043[-58.89, -21.97)
Rosety-Rodriguez et al., 2014 582 6.5 30 622 6.3 30 39.7% -4.00 [-7.24, -0.76] -
Total (95% CI) 223 224 100.0% -8.30 [-15.80, -0.81] —eaii——
Heterogenaity: Tau? = 34.10; Chit = 20.69, df = 9 (P = 0.01); I* = 56% P - 1:0 1=ﬁ

Test for overall effect: Z =217 (P = 0.03)

17

FIGURE 4. Effect of exercise on sperm count [33—48]. SD: Standard deviation; [V: Inverse variance; CI: Confidence interval;
HICT: High-intensity continuous exercise; HIIT: High-intensity interval exercise; MICT: Moderate-intensity continuous exercise.
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Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Control Intervention
Study or Subgroup Mean SD_Total Mean SD_Total Weight
Arce etal., 1993 (Aerobic) 176 79.06 10 78 3795 10 1.0%
Arce etal., 1993 (Endurance) 176 79.06 10 122 4243 8 095%
Bagatell and Brenner, 1990 108.9 31766 12 1199 21359 11 01%
De Souza et al., 1994 (High aerobic) 175.5 7874 10 885 4909 1 09%
De Souza et al., 1994 (Moderate aerobic) 175.5 7874 10 1272 966 9 05%
Lalinde-Acevedo et al., 2017 1144 639 15 952 47 17T 1.8%
Luigi et al., 2001 76.6 4846 30 7162 2814 30 51%
Maleki et al., 2013 (Elite athlete) 509 189 53 644 211 56  11.8%
Maleki et al., 2013 (Recreational) 509 189 53 386 173 52 122%
Maleki et al., 2017 (HICT) 5453 943 68 5585 1038 62 14.2%
Maleki et al., 2017 (HIIT) 5453 943 68 5566 1113 65 14.2%
Maleki et al., 2017 (MICT) 5453 943 68 5981 1208 66 14.1%
Montano et al. 2022 5255 3516 126 6272 39.04 137 10.8%
Rosety et al., 2017 153.05 9046 45 15951 347 45 3.4%
Waamonde et al., 2012 5838 1619 15 665 1627 16 9.2%
Total (95% CI) 503 595 100.0%

Heterogeneity: Tau? = 52.92; Chi* = 62.42, df = 14 (P < 0.00001); I = 78%
Test for overall effect: Z = 0.08 (P = 0.93)

Subgroup analysis (Longitudinal studies)

98.00 [43.65, 152.35)
54.00 [-3.15, 111.15)
-11.00 [-230.62, 208 62)
87.00 (30,23, 143.77)
48.30 [-31.48, 128.08)
19.20 [-20.10, 58.50)
4.98 [-15.07, 25.03)
1350 [-21.01, -6.99)
12.30 [5.37, 19.23)
132 [-4.74, 2.10)
113 [-4.64, 2.38)
-5.28 [-8.96, -1.60]
1017 [-19.14, -1.20]
6.46-32.91, 19.99)
-8.12 [-19.55, 3.31)

0.24 [-5.77, 5.30]

e —

Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Arce etal., 1993 (Aerobic) 176 7906 10 78 3795 10 00%  98.00 4365, 152.35]
Arce et al., 1993 (Endurance) 176 7906 10 122 4243 8  00% 54.00 [-3.15, 111.15)
Bagatell and Brenner, 1990 108.9 31766 12 1199 21359 11 0.0% -11.00[-230.62, 208.62]
De Souza et al., 1994 (High aerobic) 1755 7874 10 885 4909 11 0.0%  87.00[30.23, 143.77)
De Souza et al., 1994 (Moderate aerobic) 1755 7874 10 1272 966 9  0.0% 48.30[-31.48, 128.08)
Lalinde-Acevedo et al., 2017 1144 639 15 952 47 17 0.0% 19.20 [-20.10, 58.50)
Luigi et al., 2001 76.6 4846 30 7162 2814 30 1.0% 4.98[-15.07, 25.03)
Maleki et al., 2013 {Elite athlete) 509 189 53 644 211 56 0.0% -13.50 [-21.01, -5.99)
Maleki et al., 2013 (Recreational) 509 1889 53 386 173 52 0.0% 12.30 [5.37, 19.23)
Maleki et al., 2017 {(HICT) 5453 943 68 5585 1038 62 33.3% -1.32 [-4.74, 2.10) _—
Maleki et al., 2017 (HIIT) 5453 943 68 5566 1113 65 31.5% -1.13 |-4.64, 2.38) e
Maleki et al., 2017 (MICT) 5453 943 68 5981 1208 66 28.8% -5.28 [-8.96, -1.60) —
Montano et al. 2022 5255 3516 126 6272 39.04 137 4.8% 1017 [-19.14, 1.20)
Rosety et al., 2017 153.05 9046 45 15951 347 45 06% -6.46 [-32.91, 19.99)
Waamonde et al., 2012 5838 1619 15 665 1627 16 0.0% -8.12[-19.55, 3.31)
Total (95% CI) 417 416 100.0% -2.80 [-4.77, -0.82] e
Heterogeneity: Chi? = 6.59, df = 6 (P = 0.36); = 9% . 1 5 _5 5 110
Test for overall effect: Z = 2.78 (P = 0.005)
Subgroup analysis (Moderate acrobic exercise)
Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce et al., 1993 (Aerobic) 176 7906 10 78 3795 10 27%  98.00 (4365, 152.35) 4
Arce et al., 1993 (Endurance) 176 7906 10 122 4243 8  00% 54.00[-3.15, 111.15)
Bagatell and Brenner, 1990 108.9 31766 12 1199 21359 11 0.2% -11.00[-230.62, 208.62)
De Souza et al., 1994 (High aerobic) 1755 7874 10 885 4909 11 00%  87.00[30.23, 143.77)
De Souza et al., 1994 (Moderate aerobic) 1755 7874 10 1272 966 9  1.4%  48.30[-31.48, 128.08)
Lalinde-Acevedo et al., 2017 1144 639 15 952 47 17 46% 19.20 [-20.10, 58.50)
Luigi et al., 2001 76.6 4846 30 7162 2814 30 109% 4.98 [-15.07, 25.03) = =
Maleki et al., 2013 {Elite athlete) 509 189 53 644 211 56 0.0% -13.50 [-21.01, -5.99)
Maleki et al., 2013 (Recreational) 509 189 53 386 173 52 186% 12.30 [5.37, 19.23) S A
Maleki et al., 2017 {HICT) 5453 943 68 5585 1038 62 0.0% -1.32 [-4.74, 2.10)
Maleki et al., 2017 (HIIT) 5453 943 68 5566 1113 65 0.0% -1.13 [-4.64, 2.38)
Maleki et al., 2017 (MICT) 5453 943 68 5981 1208 66 20.0% -5.28 [-8.96, -1.60) =
Montano et al. 2022 5255 3516 126 6272 39.04 137 17.5% =10.17 [-19.14, -1.20) - T
Rosety et al., 2017 153.05 9046 45 15951 347 45 8.1% -6.46 [-32.91, 19.99)
Waamonde et al., 2012 5838 1619 15 665 1627 16 16.0% -8.12[-19.55, 3.31) I T =
Total (95% CI) 384 393 100.0% 2.37 [-7.25, 11.99] *
Heterogeneity: Tau? = 116.82; Chi® = 39.92, df = 9 (P < 0.00001); P = 77% 20 .10 13 10 20
Test for overall effect: Z = 0.48 (P = 0.63)
Sensitivity analysis
Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce et al., 1993 (Aerobic) 176 7906 10 78 3795 10 40%  98.00 (4365, 152.35) 4
Arce et al., 1993 (Endurance) 176 7906 10 122 4243 8  37% 54.00[-3.15, 111.15) T/
Bagatell and Brenner, 1990 108.9 31766 12 1199 21359 11 0.3% -11.00[-230.62, 208.62)
De Souza et al., 1994 (High aerobic) 1755 7874 10 885 4909 11 37%  B7.00[30.23, 143.77) =
De Souza et al., 1994 (Moderate aerobic) 1755 7874 10 1272 966 9 21%  48.30[-31.48, 128.08)
Lalinde-Acevedo et al., 2017 1144 639 15 952 47 17 62% 19.20 [-20.10, 58.50)
Luigi et al., 2001 76.6 4846 30 7162 2814 30 11.3% 4.98 [-15.07, 25.03) = =
Maleki et al., 2013 {Elite athlete) 509 189 53 644 211 56 15.2% -13.50 [-21.01, -5.99) .
Maleki et al., 2013 (Recreational) 509 189 53 386 173 52 153% 12.30 [5.37, 19.23) T S
Maleki et al., 2017 {HICT) 5453 943 68 5585 1038 62 0.0% -1.32 [-4.74, 2.10)
Maleki et al., 2017 (HIIT) 5453 943 68 5566 1113 65 0.0% -1.13 |-4.64, 2.38)
Maleki et al., 2017 (MICT) 5453 943 68 5981 1208 &6 0.0% -5.28 [-8.96, -1.60)
Montano et al. 2022 5255 3516 126 6272 39.04 137 14.8% =10.17 [-19.14, -1.20) I T
Rosety et al., 2017 153.05 9046 45 15951 347 45 93% -6.46 [-32.91, 19.99)
Waamonde et al., 2012 5838 1619 15 665 1627 16 14.1% -8.12[-19.55, 3.31)
Total (95% CI) 389 402 100.0% 8.42 [-4.06, 20.90] =
Heterogeneity: Tau® = 252.74; Chi® = 58.82, df = 11 (P < 0.00001); I = 81% 20 10 0 20

Test for overall effect: Z = 1.32 (P =0.19)

FIGURE 5. Effect of exercise on sperm concentration [33—48]. SD: Standard deviation; IV: Inverse variance; CI: Confidence
interval; HICT: High-intensity continuous exercise; HIIT: High-intensity interval exercise; MICT: Moderate-intensity continuous
exercise.
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Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Bagatell and Brenner, 1990 732 1212 12 82 1526 11 14.5% -8.80 [-20.13, 2.53] I~
Luigi et al., 2001 62.03 883 30 6043 G4 30 174% 1.60 [-2.30, 5.50] T
Maleki et al., 2013 (Elite athlete) 416 187 53 243 118 56 16.8%  17.30[11.42, 23.18) —_—
Maleki et al., 2013 (Recreational) 416 187 53 676 149 52 16.6% -26.00[-3246,-19.54) —
Montano et al. 2022 3498 2404 126 46.55 19.82 137 17.0% -11.57 [-16.92, -6.22) .
Rosety-Rodriguez et al., 2014 56.3 6 30 635 58 30 176%  -T20[-10.19, -4.21) e
Total (95% CI) 304 316 100.0% -5.64 [-15.53, 4.24] R vl
Heterogeneity: Tau® = 141.98; Ghi* = 115.06, df = 5 (P < 0.00001); I* = 96% g 3 e
Test for overall effect: Z =1.12 (P = 0.26)
Subgroup analysis (Longitudinal studies)
Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bagatell and Brenner, 1980 73.2 1212 12 82 1526 11 154% -8.80 [-20.13, 2.53) —
Luigi et al., 2001 6203 883 30 6043 6.4 30 2886% 1.60 [-2.30, 5.50] e
Maleki et al., 2013 (Elite athlete) 416 187 53 243 1186 56 0.0% 17.30[11.42, 23.18]
Maleki et al., 2013 (Recreational) 416 187 53 676 149 52 0.0% -26.00[-32.46, -19.54)
Montano et al. 2022 3498 2404 126 4655 19.82 137 26.0% -11.57 [-16.92, -6.22) L
Rosety-Rodriguez et al., 2014 56.3 6 30 835 5.8 30 30.0% =7.20 [-10.189, -4.21] —_—
Total (95% CI) 198 208 100.0%  -6.07 [-12.22, 0.09] g
Heterogeneity: Tau? = 30.54; Chi® = 19.20, df = 3 (P = 0.0002); I* = 84% _2:0 _1:0 A I:U 2:0
Test for overall effect: Z = 1.93 (P = 0.05)
Subgroup analysis (Moderate aerobic exercise)
Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bagatell and Brenner, 1990 732 1212 12 82 1526 11 15.9% -8.80 [-20.13, 2.53) —
Luigi et al., 2001 62.03 883 30 6043 64 30 21.8% 1.60 [-2.30, 5.50] -
Maleki et al., 2013 (Elite athlete) 416 187 53 243 186 56  0.0%  17.30[11.42, 23.18)
Maleki et al., 2013 (Recreational) 416 187 53 676 149 52 19.9% -26.00[-32.46,-1954) — =
Montano et al. 2022 3498 2404 126 4655 1982 137 20.7% -11.57 [-16.92, -6.22) —
Rosety-Rodriguez et al., 2014 56.3 4] 30 635 58 30 220%  -T.20[-10.19, -4.21) -
Total (95% CI) 251 260 100.0% -10.20 [-18.47, -1.93] -
Heterogeneity: Tau® = 78.61; Chi® = 54.67, df = 4 (P < 0.00001); I* = 93% 2n - jﬁ pa 1=ﬂ 2:0
Test for overall effect: Z = 2.42 (P = 0.02)
Sensitivity analysis
Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bagatell and Brenner, 1990 73.2 1212 12 82 1526 11 18.4% -8.80 [-20.13, 2.53) I~
Luigi et al., 2001 62.03 883 30 6043 64 30 20.7T% 1.60 [-2.30, 5.50] -
Maleki et al., 2013 (Elite athlete) 416 187 53 243 1186 56 20.3% 17.30 [11.42, 23.18] e
Maleki et al., 2013 (Recreational) 416 187 53 676 149 52  20.1% -26.00 [-32.46, -19.54] —
Montano et al. 2022 3498 2404 126 4655 1982 137 204% -11.57[-16.92, -6.22) —
Rosety-Rodriguez et al., 2014 56.3 -] 30 635 58 30 0.0%  -T20[-10.19, 4.21)
Total (95% CI) 274 286 100.0% -5.38 [-19.19, 8.43] —-*—-
Heterogeneity: Tau? = 235.64; Chi® = 110.66, df = 4 (P < 0.00001); I* = 96% _2:’0 10 s 1:0 2:0

Test for overall effect: Z = 0.76 (P = 0.45)

FIGURE 6. Effect of exercise on sperm total motility [33—48]. SD: Standard deviation; I'V: Inverse variance; CI: Confidence

interval.
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Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Arce et al., 1993 (Aerobic) 58.7 7.59 10 408 14.86 10 7.0%  17.90(7.56, 28.24] —_—
Arce et al., 1993 (Endurance) 58.7 7.59 10 58 13.01 8 T1% 0.70 [-9.47, 10.87]
De Souza et al., 1994 (High aerobic) 58.7 7.59 10 403 1426 11 7.3%  18.40([8.75, 28.05] ——
De Souza et al., 1994 (Moderate aerobic) 58.7 7.59 10 488 135 9 TA% 9.90 [-0.10, 19.90] —
Ismail et al., 2023 288 236 20 397 412 20 10.0% -10.90[-12.98, -8.82] I
Lalinde-Acevedo et al., 2017 57.54 1365 15 65.81 8.91 17 8.0% -8.27 [-16.37, -0.17] -
Luigi et al., 2001 53.74 642 30 5241 748 30 9.6% 1.33[-2.20, 4.86) -
Maleki et al., 2017 (HICT) 5218 1934 68 54.05 21.21 62 8.4% -1.87 [-8.87, 5.13] I E—
Maleki et al., 2017 (HIIT) 5218 1934 68 53.22 1767 65 B.7% -1.04 [-7.33, 5.25) S —
Maleki et al., 2017 (MICT) 5218 1934 68 56.55 1996 66 B.6% -4.37([-11.03 2.29) -1
Montano et al. 2022 2234 1751 126 3331 1819 137  9.4% -10.97 [-15.29, -6.65) e —
Rosety et al., 2017 3056 1356 45 3517 1514 45 88%  -4.61[1055 1.33] —
Total (95% CI) 480 480 100.0% -0.32 [-5.24, 4.59] -’-
Heterogeneity: Tau® = 61.99; Chi* = 103.74, df = 11 (P < 0.00001); I = 89% _210 g 1 5 3 110 z:u
Test for overall effect: Z = 0.13 (P = 0.90)
Subgroup analysis (Longitudinal studies)
Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce et al., 1993 (Aerobic) 587 759 10 40.8 14.86 10 0.0% 17.90 [7.56, 28.24]
Arce et al., 1993 (Endurance) 58.7 7.59 10 58 13.01 8 Mot estimable
De Souza et al., 1994 (High aerobic) 58.7 759 10 403 1426 11 Not estimable
De Souza et al., 1994 (Moderate aerobic) 58.7 7.59 10 488 135 9 0.0% 9.90 [-0.10, 19.90]
Ismail et al., 2023 288 236 20 397 412 20 16.9% -10.90[-12.98, -8.82) -
Lalinde-Acevedo et al., 2017 57.54 13865 15 65.81 8.91 17 0.0% -8.27[-16.37, -0.17)]
Luigi et al., 2001 53.74 642 30 5241 748 30 15.9% 1.33[-2.20, 4.86) N
Maleki et al., 2017 (HICT) 5218 19.34 68 54.05 21.21 62 12.5% -1.87 [-8.87, 5.13) =
Maleki et al., 2017 (HIIT) 52.18 19.34 68 5322 17.67 65 13.2% -1.04 [-7.33, 5.25] —
Maleki et al., 2017 (MICT) 5218 19.34 68 56.55 1996 66 12.8%  -4.37([-11.03 2.29) — = [
Montano et al. 2022 2234 1751 126 33.31 1819 137 15.2% -10.97 [-15.29, -6.65] —
Rosety et al., 2017 30.56 1356 45 3517 1514 45 13.6%  -4.61[-10.55, 1.33) — [
Total (95% CI) 425 425 100.0%  -4.85 [-9.46, -0.25] st
Heterogeneity: Tau® = 31.55; Chi® = 44.87, df = 6 (P < 0.00001); I* = 87% f f f f
Test for overall effect: Z = 2.06 (P = 0.04) =20 =0 0 10 20
Subgroup analysis (Moderate aerobic exercise)
Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce et al., 1993 (Aerobic) 58.7 7.59 10 408 14.86 10 10.0%  17.90 [7.56, 28.24]
Arce et al., 1993 (Endurance) 58.7 7.59 10 58 13.01 8 Mot estimable
De Souza et al., 1994 (High aerobic) 58.7 759 10 403 1426 11 Not estimable
De Souza et al., 1994 (Moderate aerobic) 58.7 T7.59 10 488 135 9 10.3% 9.90 [-0.10, 19.90] W=
Ismail et al., 2023 288 236 20 397 412 20 14.8% -10.90[-12.98, -8.82) -
Lalinde-Acevedo et al., 2017 57.54 13.65 15 65.81 8.91 17 11.5% -8.27 [-16.37, -0.17) G s E|
Luigi et al., 2001 53.74 642 30 5241 748 30 14.2% 1.33[-2.20, 4.86) =
Maleki et al., 2017 (HICT) 5218 19.34 68 54.05 21.21 62  0.0% -1.87 [-8.87, 5.13)
Maleki et al., 2017 (HIT) 5218 1934 68 53.22 1767 65 0.0% -1.04 [-7.33, 5.25)
Maleki et al., 2017 (MICT) 5218 19.34 68 56.55 19.96 66 12.5%  -4.37[-11.03, 2.29] T P
Montano et al. 2022 2234 1751 126 33.31 1819 137 13.8% -10.97 [-15.29, -6.65) —
Rosety et al., 2017 30.56 1356 45 3517 1514 45 12.9%  -4.61[-10.55, 1.33] R T
Total (95% CI) 324 334 100.0% -2.22 [-7.89, 3.45] *
Heterogeneity: Tau? = 55.61; Chi? = 72.70, df = 7 (P < 0.00001); I = 90% _250 g 1 5 3 150 250
Test for overall effect: Z = 0.77 (P = 0.44)
Sensitivity analysis
Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Arce et al., 1993 (Aerobic) 58.7 7.59 10 408 14.86 10 11.2%  17.90 [7.56, 28.24]
Arce et al., 1993 (Endurance) 58.7 7.59 10 58 13.01 8 11.3% 0.70 [-9.47, 10.87] ]
De Souza et al., 1994 (High aerobic) 58.7 759 10 403 1426 11 11.6% 18.40 [8.75, 28.05]
De Souza et al., 1994 (Moderate aerobic) 58.7 7.59 10 488 135 9 11.4% 9.90 [-0.10, 19.90] —
Ismail et al., 2023 288 236 20 397 412 20 0.0% -10.90[-12.98, -8.82)
Lalinde-Acevedo et al., 2017 57.54 1365 15 65.81 891 17 124% -8.27 [-16.37, -0.17] e —
Luigi et al., 2001 53.74 642 30 5241 748 30 144% 1.33[-2.20, 4.86) B e
Maleki et al., 2017 (HICT) 5218 1934 68 5405 2121 62 0.0% -1.87 [-8.87, 5.13]
Maleki et al., 2017 (HIIT) 5218 1934 68 53.22 1767 65 0.0% -1.04 [-7.33, 5.25)
Maleki et al., 2017 (MICT) 5218 1934 68 5655 1996 66 00% -4.37[11.03 229
Montano et al. 2022 2234 1751 126 3331 1819 137 14.2% -10.97 [-15.29, -6.65) -
Rosety et al., 2017 30.56 1356 45 3517 1514 45 13.5%  -4.61([-10.55, 1.33) —
Total (95% CI) 256 267 100.0% 2.33[-4.53, 9.19] "
Heterogeneity: Tau? = 81.68; Chi* = 59.67, df = 7 (P < 0.00001); I* = 88% e 5

Test for overall effect: Z = 0.67 (P = 0.51)

FIGURE 7. Effect of exercise on sperm progressive motility [33—48]. SD: Standard deviation; IV: Inverse variance; CI:
Confidence interval; HICT: High-intensity continuous exercise; HIIT: High-intensity interval exercise; MICT: Moderate-intensity
continuous exercise.



Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Arce et al., 1993 (Aerobic) 47 1044 10 402 664 10 4.1% 0.74 (-0.17, 1.66] R I
Arce et al., 1993 (Endurance) 47 1044 10 548 82 8 3.9% 078175019 Y
Bagatell and Brenner, 1980 789 935 12 811 597 11 46% -0.27 [-1.09, 0.55] —
De Souza et al., 1994 {High aerobic) 47 1044 10 409 663 11 43% 0.68 [-0.21, 1.56] N s —
De Souza et al., 1994 {Moderate aerobic) 47 1044 10 464 132 9 42% 0.05 [-0.85, 0.95] —
Ismail et al., 2023 88 125 20 94 098 20 56% -0.52[-1.16, 0.11] o
Lalinde-Acevedo et al., 2017 582 308 15 725 27 AT 52% -0.45 [-1.15, 0.25) e e—
Luigi et al., 2001 5455 1229 30 5267 1016 30 6.4% 0.16 [-0.34, 0.67] -
Maleki et al., 2013 (Elite athlete) 262 102 53 183 58 56 7.0% 0.95 [0.56, 1.35] —
Maleki et al., 2013 (Recreational) 262 102 53 335 5 52 70%  -0.90[-1.30,-0.50] —_—
Maleki et al., 2017 (HICT) 1286 552 68 1385 574 62 7.3% -0.17 [-0.52, 0.17] B
Maleki et al., 2017 (HIIT) 1286 552 68 1444 518 85 7.3% -0.24 [-0.58, 0.10] —
Maleki et al., 2017 (MICT) 1286 552 68 1523 508 66 73%  -0.44[-0.79,-0.10] _—
Montano et al. 2022 556 386 126 7.34 388 137 78%  -0.46[0.70,-0.21] —_
Rosety et al., 2017 3139 17.57 45 3434 1845 45 6.9% -0.16 [-0.58, 0.25] — 1
Rosety-Rodriguez et al., 2014 459 48 30 512 5 30 61%  -1.07[-161,-0.52)
Vaamonde et al., 2012 144 145 15 1554 138 16 50%  -087[-161,-013 —
Total (95% CI) 643 645 100.0% -0.24 [-0.50, 0.02] -l
Heterogeneity: Tau® = 0.21; Chi® = 74.82, df = 16 (P < 0.00001); I = 79% ‘1 _ul 5 0?5 i

Test for overall effect: Z = 1.78 (P = 0.07)

Subgroup analysis (Longitudinal studies)

Control Intervention . Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Arce et al., 1993 (Aerobic) 47 1044 10 402 664 10  0.0% 0.74 [-0.17, 1.66]
Arce et al., 1993 (Endurance) 47 1044 10 548 82 8 00% -0.78 [-1.75,0.19]
Bagatell and Brenner, 1980 789 935 12 811 597 11 25% -0.27 (-1.09, 0.55] — & [
De Souza et al., 1994 (High aerabic) 47 1044 10 409 663 11 00% 068 [-0.21, 1.56]
De Souza et al., 1994 {Moderate aerobic) 47 1044 10 464 132 9 00% 0.05 [-0.85, 0.95]
Ismail et al., 2023 88 125 20 94 098 20 42% -0.52 [-1.16, 0.11]
Lalinde-Acevedo et al., 2017 592 308 15 7.25 27 17 00% -0.45[-1.15, 0.25]
Luigi et al., 2001 5455 1229 30 5267 1016 30 6.6% 0.16 [-0.34, 0.67] e
Maleki et al., 2013 (Elite athlete) 262 102 53 183 58 58 0.0% 0.95 [0.56, 1.35]
Maleki et al., 2013 (Recreational) 262 102 53 335 5 52 00% -0.90 [-1.30, -0.50]
Maleki et al., 2017 (HICT) 1286 5.52 68 1385 574 82 14.2% -0.17 [-0.52, 0.17] =
Maleki et al., 2017 (HIIT) 1286 552 68 1414 518 B85 145% -0.24 [-0.58, 0.10] ST
Maleki et al., 2017 (MICT) 1286 552 68 1523 508 66 14.4% -0.44 [-0.79, -0.10] R —
Montano et al. 2022 556 386 126 7.34 388 137 281% -0.48 [-0.70, -0.21] _—
Rosety et al,, 2017 31.39 1757 45 3434 1845 45  99% -0.16 [-0.58, 0.25] TR B =
Rosety-Rodriguez et al., 2014 459 48 30 512 5 30 57% -1.07 [1.61,-0.52) —
Vaamonde et al., 2012 144 115 15 1554 138 16  0.0% -0.87 [-1.61, -0.13]
Total (95% CI) 467 466 100.0% -0.35 [-0.48, -0.22]
Heterogeneity: Chit = 14.22, df = 8 (P = 0.08); I = 44% T T

Test for overall effect: Z = 5.23 (P < 0.00001)

Subgroup analysis (Moderate aerobic exercise)

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce et al., 1993 (Aerobic) 47 1044 10 402 664 10  48% 0.74 [-0.17, 1.66] -1
Arce et al., 1993 (Endurance) 47 1044 10 548 B2 8 0.0% -0.78(-1.75, 0.19]
Bagatell and Brenner, 1990 789 935 12 811 597 1" 5.4% -0.27 [-1.09, 0.55] —
De Souza et al., 1994 (High aerabic) 47 1044 10 409 663 11  00% 068 [-0.21, 1.56]
De Souza et al., 1994 (Moderate aerobic) 47 1044 10 464 132 9 47% 0.05 [-0.85, 0.95] —
Ismail et al_, 2023 88 125 20 94 098 20 T4% -0.52 [-1.16, 0.11] e
Lalinde-Acevedo et al., 2017 592 308 15 725 27 17 65% -0.45(-1.15, 0.25] S
Luigi et al., 2001 5455 1229 30 5287 10.16 30 92% 0.16 [-0.34, 0.67] e
Maleki et al., 2013 (Elite athlete) 262 102 53 183 58 56 0.0% 0.95 [0.56, 1.35]
Maleki et al., 2013 (Recreational) 262 102 53 335 5 52 109% -0.90 [-1.30, -0.50] e
Maleki et al., 2017 (HICT) 1286 552 68 1385 574 82  0.0% -0.17 [-0.52, 0.17]
Maleki et al., 2017 (HIIT) 1286 552 68 1414 518 85 0.0% -0.24 [-0.58, 0.10]
Maleki et al., 2017 (MICT) 1286 552 68 1523 5.08 86 12.0% -0.44 [-0.79, -0.10] e
Montano et al. 2022 556 386 126 734 388 137 137% -0.48 [-0.70, -0.21] —
Rosety et al., 2017 3138 17.57 45 3434 1845 45 10.7% -0.16 (-0.58, 0.25] ===
Rosety-Rodriguez et al., 2014 459 48 30 512 s 30 88% -1.07[161,-082) ————
Vaamonde et al., 2012 144 115 15 1554 138 16  6.1% -087[161,-013) ——
Total (95% CI) 443 100.0% -0.41 [-0.64, -0.17] -
Heterogeneity: Tau® = 0.09; Chi® = 26.47, df = 11 (P = 0.006); I* = 58% 1 n . u:s 1
Test for overall effect: Z = 3.43 (P = 0.0008)

Sensitivity analysis

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce et al., 1993 (Aerobic) 47 1044 10 402 664 10 71% 0.74 [-0.17, 1.66] =
Arce et al., 1993 (Endurance) 47 1044 10 548 82 8 68% -0.78[-1.75,019) ¥ 1—
Bagatell and Brenner, 1980 789 935 12 811 597 11 76% -0.27 [-1.09, 0.55] _
De Souza et al., 1994 {High aerabic) 47 1044 10 409 663 11 7.3% 0.68 -0.21, 1.56] -
De Souza et al., 1994 {Moderate aerobic) 47 1044 10 464 132 9 72% 0.05 [-0.85, 0.95] _—
Ismail et al., 2023 88 125 20 94 098 20 8.6% <0.52 [-1.16, 0.11] e
Lalinde-Acevedo et al., 2017 592 308 15 7.25 27 17 82% -0.45[-1.15, 0.25] =
Luigi et al., 2001 5455 1229 30 5267 1016 30 9.2% 0.16 [-0.34, 0.67] —
Maleki et al., 2013 (Elite athlete) 262 102 53 183 58 58 9.7% 0.95 [0.56, 1.35] ——
Maleki et al., 2013 (Recreational) 262 102 53 335 5 52 97% -0.90 [-1.30, -0.50] e
Maleki et al., 2017 (HICT) 1286 5.52 68 13.85 574 62  0.0% =0.17 [-0.52, 0.17]
Maleki et al., 2017 (HIIT) 1286 552 68 1414 518 85 00% -0.24 [-0.58, 0.10]
Maleki et al., 2017 (MICT) 1286 552 68 1523 508 66 0.0% -0.44 [-0.79, -0.10]
Montano et al. 2022 556 386 126 7.34 388 137 0.0% -0.46 [-0.70, -0.21]
Rosety et al,, 2017 31390 1757 45 3434 1845 45  96% -0.16 [-0.58, 0.25] |
Rosety-Rodriguez et al., 2014 459 48 30 512 5 30 9.0% -1.07 [1.61,-0.52) —
Vaamonde et al., 2012 144 115 15 1554 138 18  0.0% -0.87 [-1.61, -0.13]
Total (95% CI) 298 299 100.0% -0.14 [-0.57, 0.29] . *‘ : ;

Heterogeneity: Tau? = 0.45; Chi* = 66.31, df = 11 (P < 0.00001); I* = 83%

Test for overall effect: Z = 0.65 (P = 0.52)
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FIGURE 8. Effect of exercise on sperm normal morphology [33—48]. SD: Standard deviation; IV: Inverse variance; CI:
Confidence interval; HICT: High-intensity continuous exercise; HIIT: High-intensity interval exercise; MICT: Moderate-intensity
continuous exercise.
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contrast, the sensitivity analysis demonstrated that there was no
considerable impact of exercise on sperm normal morphology
(—0.14 [-0.57, 0.29] 0.52) but with an inter-study heterogene-
ity (12 = 83%; x? p < 0.00001) (Fig. 8).

3.4.7 Sperm DNA fragmentation

The influence of exercise on sperm DNA fragmentation was
assessed in five studies incorporating 239 control and 230
subjects in the exercise group. The global analysis showed
that sperm DNA fragmentation significantly increased in the
subjects of the control group when compared with the subjects
who exercised (0.60 [0.28, 0.93] 0.0003), but there was inter-
study heterogeneity (12 = 62%; x? p = 0.03) (Fig. 9, Ref. [33—
48]). There was a significant publication bias (Supplementary
Fig. 7).

Additionally, the subgroup analysis of longitudinal studies
revealed that there was a substantial increase in sperm DNA
fragmentation in the control group compared to those who
exercised (0.71 [0.51, 0.90] <0.00001) and there was no inter-
study heterogeneity (/2 = 13%; x? p = 0.33). Subgroup anal-
ysis of the moderate aerobic exercise studies did not show any
significant changes in sperm DNA fragmentation (0.50 [-0.15,
1.15] 0.13), but there was also an inter-study heterogeneity (/2
= 75%; x% p = 0.02). The sensitivity analysis revealed that

there were no significant changes in sperm DNA fragmentation
in both groups (0.38 [—0.92, 1.68] 0.57), but there was inter-
study heterogeneity (12 = 86%; x? p = 0.007) (Fig. 9).

3.4.8 Total testosterone

Twelve reports were studied for the effect of exercise on total
testosterone. There were 194 subjects in the control group
and 191 subjects who exercised. Exercise had no significant
impact on total testosterone when compared with the control
(—0.27 [-0.95, 0.42] 0.45), but inter-study heterogeneity was
significant (/2 = 88%; x2 p < 0.00001) (Fig. 10, Ref. [33-48]).
There was a significant publication bias (Supplementary Fig.
8).

No significant increase was seen in total testosterone in
the subgroup analysis of longitudinal studies in subjects who
exercised when compared with the control counterpart (—0.51
[-1.16, 0.15] 0.13), and there was substantial inter-study het-
erogeneity (12 = 83%; x? p < 0.0001). Subgroup analysis of
the moderate aerobic exercise studies revealed that exercise did
not significantly affect total testosterone level (—0.70 [—1.76,
0.36] 0.20), but there was also an inter-study heterogeneity (/2
=91%; x2 p < 0.00001). In addition, the sensitivity analysis
demonstrated that exercise had no considerable influence on
total testosterone (—0.17 [—0.86, 0.51] 0.62), but also with

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Ismail et al., 2023 2132 389 20 1825 1.27 20 14.0% 1.04 [0.38, 1.70]
Lalinde-Acevedo et al., 2017 171 83 15 196 86 17 132% -0.29 [-0.99, 0.41] e
Maleki et al., 2017 (HICT) 549 128 88 421 1861 62 239% 0.88 [0.52, 1.24] =
Maleki et al., 2017 (HIIT) 549 128 68 468 197 65 24.5% 0.49 [0.14, 0.83] —=—
Maleki et al., 2017 (MICT) 549 128 68 442 184 66 244% 0.67 [0.32, 1.02] ——
Total (95% CI) 239 230 100.0% 0.60 [0.28, 0.93] -
Heterogeneity: Tau® = 0.08; Chi* = 10.65, df = 4 (P = 0.03); *=62% _.2 R 1 1 |2
Test for overall effect: Z = 3.63 (P = 0.0003)
Subgroup analysis (Longitudinal studies)

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Ismail et al., 2023 2132 389 20 1825 127 20 85% 1.04 [0.38, 1.70]
Lalinde-Acevedo et al., 2017 171 83 15 196 86 17 0.0% -0.29 [-0.99, 0.41]
Maleki et al., 2017 (HICT) 549 128 68 421 161 62 289% 0.88 [0.52, 1.24] —
Maleki et al., 2017 (HIIT) 549 128 68 468 197 65 31.6% 0.49 [0.14, 0.83] —
Maleki et al., 2017 (MICT) 549 128 68 442 184 66 31.0% 0.67 [0.32, 1.02] —=
Total (95% CI) 224 213 100.0% 0.71 [0.51, 0.90] <
Heterogeneity: Ch® = 3.44, df = 3 (P = 0.33); I’ = 13% 5 K] 3 p T
Test for overall effect: Z = 7.13 (P < 0.00001)
Subgroup analysis (Moderate aerobic exercise)

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ismail et al., 2023 2132 389 20 1825 127 20 30.6% 1.04 [0.38, 1.70] —
Lalinde-Acevedo et al., 2017 171 83 15 196 86 17 296% -0.29 [-0.99, 0.41] — =
Maleki et al., 2017 (HICT) 549 128 88 421 1861 62  0.0% 0.88 [0.52, 1.24]
Maleki et al., 2017 (HIIT) 549 128 68 468 197 65  0.0% 0.49 [0.14, 0.83]
Maleki et al., 2017 (MICT) 549 128 68 442 184 66 398% 0.67 [0.32, 1.02] —&
Total (95% CI) 103 103 100.0% 0.50 [-0.15, 1.15] e
Heterogeneity: Tau® = 0.25; Chi* = 8.05, df = 2 (P = 0.02); P = 75% _.2 ] 13 1 |2
Test for overall effect: Z = 1.51 (P=0.13)
Sensitivity analysis

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ismail et al., 2023 2132 389 20 1825 1.27 20 50.3% 1.04 [0.38, 1.70] ——
Lalinde-Acevedo et al., 2017 171 83 15 196 86 17 48.7% -0.29[-0.89, 0.41]
Maleki et al., 2017 (HICT) 549 128 88 421 1861 62  0.0% 0.88 [0.52, 1.24]
Maleki et al., 2017 (HIIT) 549 128 68 468 197 65  0.0% 0.49 [0.14, 0.83]
Maleki et al., 2017 (MICT) 549 128 68 442 184 66 0.0% 0.67 [0.32, 1.02]
Total (95% CI) 35 37 100.0% 0.38 [-0.92, 1.68]
Heterogeneity: Tau? = 0.76; Chi? = 7.29, df = 1 (P = 0.007); I = 86% _.2 ] 1 1 .2

Test for overall effect: Z = 0.57 (P = 0.57)

FIGURE 9. Effect of exercise on sperm DNA fragmentation [33—48]. SD: Standard deviation; IV: Inverse variance; CI:
Confidence interval; HICT: High-intensity continuous exercise; HIIT: High-intensity interval exercise; MICT: Moderate-intensity

continuous exercise.



Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Randem, 95% CI

Control Intervention
Study or Subgroup Mean SD Total Mean SD Total Weight
Arce et al., 1993 (Aerobic) 19.5 2.85 10 149 411 10 86%
Arce et al., 1993 (Endurance) 195 2.85 10 147 622 8 85%
Bagatell and Brenner, 1990 4.5 1.04 12 44 099 11 9.1%
De Souza et al., 1994 (High aerobic) 195 2.85 10 153 4.3 11 88%
De Souza et al., 1994 (Moderate aerobic) 195 2.85 10 214 438 9 88%
Fahmer and Hackney, 1998 566 1.77 10 802 1.39 10 02%
Ismail et al., 2023 391 029 20 474 033 20 9.0%
Lovell et al., 2012 (Aerobic) 18.2 9.29 11193 197 11 9.0%
Lovell et al., 2012 (Endurance) 18.2 9.29 11 196 3.79 10 9.0%
Luigi et al., 2001 64 22 30 66 23 30 9.9%

Rosety et al., 2017
Vaamonde et al., 2012

1273 626 45 1439 653 45 101%
649 08 15 7.68 0.77 16 9.1%

1.25[0.27, 2.22]
0.99 [-0.01, 1.98]
0.08 [-0.72, 0.91]

1.08 [0.16, 2.02]
-0.47 [1.38, 0.45]

-44.86 [-60.40, -29.32]
-2.62 [3.48, -1.75]
-0.16 [0.99, 0.68]
-0.19 [1.04, 0.67]
-0.09 [0.59, 0.42]
-0.26 [-0.67, 0.16]
-1.48[-2.28, -0.67]

[

R

—_—
—
—

Total (95% CI) 194 191 100.0% -0.27 [-0.95, 0.42] *
Heterogeneity: Tau? = 1.18; Chi? = 93.53, df = 11 (P < 0.00001); I* = 88% = 3 3 3 P
Test for overall effect: Z = 0.76 (P = 0.45)
Subgroup analysis (Longitudinal studies)

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce et al., 1993 (Aerobic) 19.5 2.85 10 149 4.1 10  0.0% 1.25[0.27, 2.22)
Arce et al., 1993 (Endurance) 19.5 2.85 10 147 622 8 0.0% 0.99 [-0.01, 1.98]
Bagatell and Brenner, 1990 45 1.04 12 44 099 11 158% 0.00 [-0.72, 0.91] -
De Souza et al., 1994 (High aerabic) 19.5 285 10 153 4.31 11 0.0% 1.09 [0.16, 2.02]
De Souza et al., 1994 (Moderate aerobic) 19.5 2.85 10 214 48 9 0.0% -0.47 [-1.38, 0.45]
Fahmer and Hackney, 1998 566 1.77 10 802 1.39 10 0.0% -44.86 [-60.40, -29.32)
Ismail et al., 2023 391 029 20 474 033 20 15.3% -2.62[-3.48, -1.75] —
Lovell et al., 2012 (Aerobic) 18.2 9.29 11 193 197 11 156% -0.16 [-0.99, 0.68] T
Lovell et al., 2012 (Endurance) 18.2 9.29 11 196 3.79 10 15.4% -0.19 [-1.04, 0.67] =
Luigi et al., 2001 64 22 30 66 23 30 18.6% -0.09 [-0.59, 0.42] .
Rosety et al., 2017 1273 626 45 1439 653 45 19.3% -0.26 [-0.67, 0.16] -1
Vaamonde et al., 2012 649 038 15 768 077 16  0.0% -1.48 [-2.28, -0.67]
Total (95% CI) 129 127 100.0% -0.51 [-1.16, 0.15] B
Heterogeneity: Tau? = 0.54; Chi? = 29.06, df = 5 (P < 0.0001); |2 = 83% e 2 3 2 i
Test for overall effect: Z = 1.51 (P =0.13)
Subgroup analysis (Moderate aerobic exercise)

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce et al., 1993 (Aerobic) 19.5 2.85 10 149 4.1 10 13.8% 1.25[0.27, 2.22)
Arce et al., 1993 (Endurance) 19.5 2.85 10 147 622 8 0.0% 0.99 [-0.01, 1.98]
Bagatell and Brenner, 1990 4.5 1.04 12 44 099 11 142% 0.09[-0.72, 0.91) - r
De Souza et al., 1994 (High aerobic) 19.5 2.85 10 153 4.31 1 0.0% 1.09 [0.18, 2.02)
De Souza et al., 1994 (Moderate aerobic) 19.5 2.85 10 214 48 9 13.9% -0.47 [-1.38, 0.45] - 31
Fahmer and Hackney, 1998 566 1.77 10 802 139 10  0.5% -44.86[-60.40,-29.32) ¢
Ismail et al., 2023 391 029 20 474 033 20 141% -2.62 [-3.48, -1.75) —
Lovell et al., 2012 (Aerobic) 18.2 9.29 11 193 197 11 142% -0.16 [-0.99, 0.68] =
Lovell et al., 2012 (Endurance) 18.2 9.29 11 196 3.79 10 0.0% -0.19 [-1.04, 0.67]
Luigi et al., 2001 64 22 30 66 23 30 15.0% -0.09 [-0.59, 0.42] .
Rosety et al., 2017 12.73 6.26 45 14.39 B6.53 45 0.0% -0.26 [-0.67, 0.16]
Vaamonde et al., 2012 649 038 15 768 077 16  14.3% -1.48 [-2.28, -0.67] - —
Total (95% CI) 118 117 100.0% -0.70 [-1.76, 0.386] —cefiiie—
Heterogeneity: Tau? = 1.88; Chiz = 77.41, df = 7 (P < 0.00001); 2= 91% b ) 23 5 P
Test for overall effect: Z = 1.29 (P = 0.20)
Sensitivity analysis

Control Intervention 5td. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce et al., 1993 (Aerobic) 19.5 2.85 10 149 4.1 10 95% 1.25[0.27, 2.22)
Arce et al., 1993 (Endurance) 195 285 10 147 6.22 8 9.5% 0.99 [-0.01, 1.98] =
Bagatell and Brenner, 1990 45 1.04 12 44 099 11 10.1% 0.09 [-0.72, 0.91] I
De Souza et al., 1994 (High aerobic) 19.5 2.85 10 153 4.31 1 9.7% 1.09 [0.16, 2.02) - —
De Souza et al., 1994 (Moderate aerobic) 19.5 2.85 10 214 48 9 98% -0.47 [-1.38, 0.45] =1
Fahmer and Hackney, 1998 566 1.77 10 802 1.39 10  0.0% -44.86 [-60.40, -29.32]
Ismail et al., 2023 391 029 20 4.74 033 20 10.0% -2.62 [-3.48, -1.75) -
Lovell et al., 2012 (Aerobic) 18.2 9.29 11 193 197 11 10.1% -0.16 [-0.99, 0.68] =l
Lovell et al., 2012 (Endurance) 182 929 11 196 3.79 10 10.0% -0.19 [-1.04, 0.67] -
Luigi et al., 2001 64 22 30 66 23 30 1.1% -0.09 [-0.59, 0.42] S
Rosety etal_, 2017 12.73 6.26 45 14.39 6.53 45 0.0% -0.26 [-0.67, 0.16]
Vaamonde et al., 2012 649 038 15 768 077 16  10.2% -1.48 [-2.28, -0.67] - a—
Total (95% CI) 139 136 100.0% -0.17 [-0.86, 0.51] ‘*
Heterogeneity: Tau? = 1.02; Chi* = 61.83, df = 9 (P < 0.00001); I = 85% 5 4 23 5 P

Test for overall effect: Z = 0.50 (P = 0.62)

FIGURE 10. Effect of exercise on total testosterone [33—48]. SD:

interval.
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Standard deviation; IV: Inverse variance; CI: Confidence
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inter-study heterogeneity (/2 =85%; x? p < 0.00001) (Fig. 10).

3.4.9 Free testosterone

A control and intervention group consisting of 114 and 110
subjects, respectively, from nine studies, were assessed for the
effect of exercise on free testosterone. Exercise had no signif-
icant impact on free testosterone when both groups were com-
pared (0.00 [-0.61, 0.61] 1.00), but there was inter-study het-
erogeneity (I2 = 78%; x? p < 0.0001) (Fig. 11, Ref. [33—48]).
There was no significant publication bias (Supplementary
Fig. 9).

The subgroup analysis of longitudinal studies also showed
no noteworthy increase in free testosterone in subjects who ex-
ercised when compared with the control group (—0.00 [-0.36,
0.35] 0.98) and there was no inter-study heterogeneity (/2
= 0%; x> p = 0.42). Subgroup analysis of the moderate
aerobic exercise studies also revealed that exercise did not
considerably affect free testosterone level (—0.32 [-1.10, 0.46]
0.42), but there was also inter-study heterogeneity (/2 = 81%;
X2 p < 0.0001). More so, the sensitivity analysis revealed
exercise had no considerable impact on free testosterone (0.24
[-0.35, 0.82] 0.42); however, inter-study heterogeneity was
significant (12 = 66%; x2 p = 0.008) (Fig. 11).

3.4.10 Follicle-stimulating hormone

The effect of exercise on follicle-stimulating hormone was as-
sessed in nine studies, including 152 controls and 150 subjects
in the exercise group. Exercise had no substantial influence on
FSH when both groups were compared (—0.21 [-0.60, 0.19]
0.31), but there was inter-study heterogeneity (12 = 62%; x>
p = 0.007) (Fig. 12, Ref. [33-48]). There was a significant
publication bias (Supplementary Fig. 10).

Conversely, the subgroup analysis of longitudinal studies
showed a significant increase in FSH in the control group than
those who exercised (0.37 [0.07, 0.67] 0.02), and there was no
inter-study heterogeneity (/2 = 4%; x? p = 0.35). In contrast,
subgroup analysis of the moderate aerobic exercise studies
revealed that exercise did not significantly alter FSH (=0.17
[-0.64, 0.31] 0.49), but there was an inter-study heterogeneity
(I = 69%; x2 p=0.003). The sensitivity analysis also demon-
strated that the effect of exercise on FSH was comparable
across both groups (—0.30 [-0.81, 0.21] 0.25), but with inter-
study heterogeneity (12 = 65%; x* p = 0.009) (Fig. 12).

3.4.11 Luteinizing hormone

Nine studies were evaluated for the influence of exercise on
LH, consisting of 152 controls and 150 subjects in the exercise
group. The global analysis revealed no significant impact of
exercise on LH among those who exercised when compared
with the control group (—0.05 [—0.28, 0.18] 0.66), and there
was no inter-study heterogeneity (/2 = 15%; x? p = 0.31)
(Fig. 13, Ref. [33—48]). There was no significant publication
bias (Supplementary Fig. 11).

The subgroup analysis of longitudinal studies also showed
no significant effect of exercise on LH in subjects who ex-
ercised when compared with the control counterpart (0.15
[-0.15, 0.45] 0.33), and there was no inter-study heterogeneity
(1% =0%; x? p=0.65). Subgroup analysis of the moderate aer-
obic exercise studies showed that exercise did not significantly

alter LH (—0.06 [—0.30, 0.19] 0.66) and there was no inter-
study heterogeneity (12 = 27%; x* p = 0.66). In addition, the
sensitivity analysis revealed that exercise involvement did not
significantly alter LH in comparison with the control (—0.21
[-0.49, 0.08] 0.16), and there was no inter-study heterogeneity
(I? =2%; x? p=0.41) (Fig. 13).

3.4.12 Prolactin and estrogen

Five studies were assessed for the effect of exercise on pro-
lactin, including 70 controls and 68 subjects in the exercise
group. For the effect of exercise on estrogen, four studies
were assessed, including 95 controls and 93 subjects in the
exercise group. Exercise did not affect prolactin levels when
compared with the control (—0.25 [—0.91, 0.41] 0.45), but
there was inter-study heterogeneity (12 = 69%; x? p = 0.01)
(Fig. 14A, Ref. [33-48]). There was a significant publication
bias (Supplementary Fig. 12). Subgroup analysis of the
moderate aerobic exercise studies showed that prolactin was
not significantly affected by exercise (—0.07 [-0.95, 0.81]
0.88), but there was also an inter-study heterogeneity (/2 =
75%; x2 p = 0.02). Also, the sensitivity analysis revealed that
exercise involvement significantly increased prolactin levels in
comparison with the control (—0.51 [-0.97, —0.05] 0.03), but
there was no inter-study heterogeneity (/2 = 0%; x% p = 0.41)
(Fig. 14A).

Exercise also did not have any effect on estrogen levels
when compared with the control (0.23 [-0.06, 0.52] 0.12),
and there was no inter-study heterogeneity (I = 11%; x>
p = 0.34) (Fig. 14B). There was a significant publication
bias (Supplementary Fig. 13). In addition, the subgroup
analysis of longitudinal studies for estrogen did not reveal any
significant alteration in subjects who exercised when compared
with the control counterpart (0.13 [-0.38, 0.65] 0.61), but
there was inter-study heterogeneity (/2 = 60%; x? p = 0.12).
Subgroup analysis of the moderate aerobic exercise studies
revealed that exercise did not significantly alter oestrogen
level (0.19 [-0.11, 0.49] 0.22), and there was also no inter-
study heterogeneity (I2 = 25%; x? p = 0.26). However, the
sensitivity analysis for estrogen levels revealed that exercise
involvement did not affect levels of estrogen in comparison
with the control (0.09 [—0.31, 0.49] 0.65) and there was no
inter-study heterogeneity (12 = 19%; x2 p = 0.29) (Fig. 14B).

3.4.13 Sex hormone-binding hormone

Four studies were assessed for the effect of exercise on sex
hormone-binding globulin, including 44 controls and 42 sub-
jects in the exercise group. Exercise did not significantly
increase SHBG when compared with the control (—0.02 [-0.44,
0.41] 0.94), and there was no inter-study heterogeneity (/2
= 0%; x? p = 0.97) (Fig. 15, Ref. [33-48]). There was a
significant publication bias (Supplementary Fig. 14).

The subgroup analysis of longitudinal studies also showed
that exercise did no significantly alter SHBG (0.04 [—0.44,
0.52] 0.87) and there was no inter-study heterogeneity (/2 =
0%; x2 p = 0.99). Subgroup analysis of the moderate aerobic
exercise studies revealed that exercise did not considerably
alter SHBG (—0.05 [-0.53, 0.44] 0.85), and there was also no
inter-study heterogeneity (/2 = 0%; x2 p = 0.91). In addi-
tion, the sensitivity analysis revealed that exercise involvement
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Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_ Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce et al., 1993 {Aerobic) 759 11.07 10 58.3 16.76 10 10.7% 1.19[0.22, 2.15)
Arce et al., 1993 (Endurance) 75.9 11.07 10 55.8 2208 8 10.4% 1.14 [0.12, 2.16)
Bagatell and Brenner, 1980 023 01 12 029 02 11 11.6% -0.37 [-1.20, 0.48] e
De Souza et al., 1994 (High aerobic) 75.9 11.38 10 60.2 16.91 11 11.0% 1.04 [0.11, 1.96] ———
De Souza et al., 1994 (Moderate aerobic) 759 11.38 10 86 183 9 11.0% -0.64 [-1.57, 0.29] m——r—
Fahmer and Hackney, 1998 21.3 39 10 387 7.27 10 9.1% 263[-377,-1.20) —————
Lovell et al., 2012 (Aerobic) 61.4 18.24 11 87.2 189 11 11.5% -0.30 [-1.14, 0.54] —r—
Laovell et al., 2012 (Endurance) 61.4 18.24 11 644 1285 10 11.4% -0.18 [-1.04, 0.68] —
Luigi et al., 2001 26 52 30 24 75 30 13.4% 0.31 [-0.20, 0.82) T
Total (95% CI) 114 110 100.0% 0.00 [-0.61, 0.61] "?'-
Heterogeneity: Tau® = 0.65; Chi* = 35.68, df = 8 (P < 0.0001); I* = 78% 2 1 o 1 2
Test for overall effect: Z = 0.00 (P = 1.00)
Subgroup analysis (Longitudinal studies)

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Arce et al., 1993 {Aerobic) 75.9 11.07 10 58.3 16.76 10 0.0% 1.19[0.22, 2.15]
Arce et al., 1993 (Endurance) 75.9 11.07 10 55.8 2208 8  0.0% 1.14 [0.12, 2.16]
Bagatell and Brenner, 1930 023 01 12 029 02 11 18.1% -0.37 [-1.20, 0.486) _—
De Souza et al., 1994 (High aerobic) 759 11.38 10 80.2 16.91 11 0.0% 1.04 [0.11, 1.96)
De Souza et al., 1994 (Moderate aerobic) 75.9 11.38 10 86 18.3 9  0.0% -0.64 [-1.57, 0.29]
Fahmer and Hackney, 1998 213 39 10 387 7.27 10 0.0% -2.583[-3.77,-1.29]
Lovell et al., 2012 (Aerobic) 61.4 18.24 11 87.2 188 11 17.5% -0.30 [-1.14, 0.54] i
Lovell et al., 2012 (Endurance) 61.4 18.24 11 644 12865 10 16.8% -0.18 [-1.04, 0.68] —
Luigi et al., 2001 26 52 30 24 75 30 47.7% 0.31 [-0.20, 0.82] -
Total (95% CI) 64 62 100.0% -0.00 [-0.386, 0.35] ?
Heterogeneity: Chi* = 2.82, df = 3 (P = 0.42);, > = 0% -2 1 ) ‘i é
Test for overall effect: Z = 0.02 (P = 0.98)
Subgroup analysis (Moderate aerobic exercise)

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce et al., 1993 {Aerobic) 75.9 11.07 10 58.3 16.76 10 16.0% 1.19[0.22, 2.15]
Arce et al., 1993 (Endurance) 75.9 11.07 10 55.8 22.086 8 0.0% 1.14 [0.12, 2.18)
Bagatell and Brenner, 1930 023 01 12 029 02 11 17.2% -0.37 [-1.20, 0.46) —_—
De Souza et al., 1994 (High aerobic) 759 11.38 10 80.2 16.91 11 0.0% 1.04 [0.11, 1.98)
De Souza et al., 1994 (Moderate aerobic) 75.9 11.38 10 86 183 9 16.3% -0.64 [-1.57, 0.29] —
Fahmer and Hackney, 1998 213 39 10 387 727 10 13.9% -253[-377,-1.29)
Lovell et al., 2012 (Aerobic) 61.4 18.24 11 67.2 189 11 17.1% -0.30 [-1.14, 0.54] —_—
Lovell et al., 2012 (Endurance) 61.4 18.24 11 644 1285 10 0.0% -0.18 [-1.04, 0.68]
Luigi et al., 2001 26 5.2 30 24 75 30 19.5% 0.31[-0.20, 0.82] T
Total (95% CI) 83 81 100.0% -0.32 [-1.10, 0.46] —q—
Heterogeneity: Tau® = 0.74; Chi? = 25.94, df = 5 (P < 0.0001); P = 81% 1) -1 ) 1 é
Test for overall effect: Z = 0.80 (P = 0.42)
Sensibility analysis

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 5% CI IV, Random, 95% CI
Arce et al., 1993 {Aerobic) 75.9 11.07 10 58.3 16.76 10 13.7% 1.18[0.22, 2.15)
Arce et al., 1993 {Endurance) 75.9 11.07 10 55.8 2208 8 13.1% 1.14 [0.12, 2.18)
Bagatell and Brenner, 1990 023 01 12 029 02 11 15.2% -0.37 [-1.20, 0.486] —_—
De Souza et al., 1994 (High aerabic) 75.9 11.38 10 60.2 16.91 11 14.1% 1.04 [0.11, 1.96] _—
De Souza et al., 1994 (Moderate aerobic) 75.9 11.38 10 86 183 9 14.1% -0.64 [-1.57, 0.29] —
Fahmer and Hackney, 1998 213 39 10 387 727 10 0.0% -2.63[-3.77,-1.29]
Laovell et al., 2012 (Aerobic) 61.4 18.24 11 &7.2 189 11 15.0% -0.30 [-1.14, 0.54] I
Lovell et al., 2012 (Endurance) 61.4 18.24 11 644 1285 10 14.8% -0.18 [-1.04, 0.68] —_—
Luigi et al., 2001 26 5.2 30 24 75 30 0.0% 0.31[-0.20, 0.82]
Total (95% CI) 74 70 100.0% 0.24 [-0.35, 0.82] "P
Heterogeneity: Tau® = 0.41; Chi? = 17.49, df = & (P = 0.008); I* = 66% :2 -_1 5 ‘i é
Test for overall effect: Z = 0.80 (P = 0.42)

FIGURE 11. Effect of exercise on free testosterone [33—48]. SD: Standard deviation; I'V: Inverse variance; CI: Confidence

interval.
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Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce et al., 1993 (Aerobic) 55 126 10 68 443 10  9.8% -0.38 [-1.27, 0.50]
Arce et al., 1993 (Endurance) 55 1.26 10 66 396 8 92% -0.38 [-1.32, 0.56) —
Bagatell and Brenner, 1990 91 4157 12 93 46.43 11 10.6% -0.04 [-0.88, 0.77) —
De Souza et al., 1994 (High aerobic) 55 1.26 10 7 43 11 10.0% -0.44 [-1.31, 0.43) — = 1
De Souza et al., 1994 (Moderate aerabic) 55 1.26 10 76 42 9  93% -0.66 [-1.59, 0.27) — =1
Fahmer and Hackney, 1998 4.7 316 0 61 379 10 9.8% -0.38 [-1.27, 0.50) e E—
Luigi et al., 2001 32 1.8 30 21 16 30 14.4% 0.64 [0.12, 1.16] - =
Rosety et al., 2017 13.03 6.75 45 11.07 5.81 45 15.8% 0.31 [-0.11, 0.72] T
Vaamonde et al., 2012 314 184 15 568 251 16 11.2% -1.12 [-1.88, -0.35]
Total (95% CI) 152 150 100.0% -0.21 [-0.60, 0.19] -q—
Heterogeneity: Tau® = 0.22; Chi* = 21,06, df = 8 (P = 0.007); I = 62% 1 0 T 0=5 1
Test for overall effect: Z=1.01 (P =0.31) . )
Subgroup analysis (longitudinal studies)

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Arce et al., 1993 (Aerobic) 55 1.26 10 68 443 10  0.0% -0.38 [-1.27, 0.50]
Arce et al., 1993 (Endurance) 55 1.26 10 66 396 8  0.0% -0.38 [-1.32, 0.56)
Bagatell and Brenner, 1990 91 41.57 12 93 46.43 11 13.6% -0.04 [-0.86, 0.77) —
De Souza et al., 1994 (High aerobic) 55 1.26 10 7 431 11 0.0% -0.44 [-1.31, 0.43)
De Souza et al., 1994 (Moderate aerobic) 55 1.26 m 76 42 9  0.0% -0.66 [-1.59, 0.27)
Fahmer and Hackney, 1998 47 316 10 61 379 10  0.0% -0.38 [-1.27, 0.50]
Luigi et al., 2001 3z 18 30 241 16 30 33.7% 0.64 [0.12, 1.16] e
Rosety et al, 2017 13.03 6.75 45 11.07 581 45  52.7% 0.31 [-0.11, 0.72) T—8—
Yaamonde et al., 2012 314 184 15 568 2.51 16 0.0% -1.12 [-1.88, -0.35)
Total (95% CI) 87 86 100.0% 0.37 [0.07, 0.67] e
Heterogeneity: Chi® = 2.08, df = 2 (P = 0.35); P = 4% _:1 _0:5 3:5 i

Test for overall effect: Z=2.41 (P = 0.02)

Subgroup analysis (Moderate aerobic exercise)

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce et al., 1993 (Aerobic) 55 1.26 10 68 443 10 12.4% -0.38 [-1.27, 0.50] —
Arce et al., 1993 (Endurance) 55 1.26 10 66 396 8 00% -0.38 [-1.32, 0.56)
Bagatell and Brenner, 1990 91 41.57 12 93 46.43 11 13.3% -0.04 [-0.886, 0.77) I
De Souza et al., 1994 (High aerobic) 55 1.26 10 7 43 11 0.0% -0.44 [-1.31, 0.43)
De Souza et al., 1994 (Moderate aerobic) 55 126 10 76 42 9 119% -0.66 [-1.59, 0.27) — 1
Fahmer and Hackney, 1998 47 316 0 61 379 10 12.4% -0.38 [-1.27, 0.50] . E—
Luigi et al., 2001 32 1.8 o 21 16 30 17.3% 0.64 [0.12, 1.16] o
Rosety et al., 2017 13.03 B.75 45 11.07 581 45 18.7% 0.31 [-0.11,0.72) -
“Yaamonde et al., 2012 314 184 15 568 251 16 14.0% -1.12 [-1.88, -0.35]
Total (95% CI) 132 131 100.0% =0.17 [-0.64, 0.31] ""
Heterogeneity: Tau® = 0.27; Chi* = 19.47, df = 6 (P = 0.003); I* = 69% 1 0 T 0 0=5 1
Test for overall effect: Z = 0.69 (P = 0.49) i :
Sensitivity analysis

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce et al., 1993 (Aerobic) 55 1.26 10 6.8 443 10 13.4% -0.38 [-1.27, 0.50) —_—1
Arce et al., 1993 (Endurance) 55 1.26 10 66 396 8 12.7% -0.38 [-1.32, 0.56) =
Bagatell and Brenner, 1990 91 4157 12 93 46.43 11 14.2% -0.04 [-0.86, 0.77) E—
De Souza et al., 1994 (High aerobic) 55 1.26 10 7 43 11 13.6% -0.44 [-1.31, 0.43) . T
De Souza et al., 1994 (Moderate aerobic) 55 1.26 10 76 42 9 128% -0.66 [-1.59, 0.27) —_— = | =
Fahmer and Hackney, 1998 47 316 10 61 379 10  0.0% -0.38 [-1.27, 0.50]
Luigi et al., 2001 32 1.8 o 21 16 30 18.2% 0.64 [0.12, 1.16) . T
Rosety et al., 2017 13.03 B.75 45 11.07 5.81 45  0.0% 0.31[-0.11, 0.72]
Vaamonde et al., 2012 314 184 15 568 251 16 14.9% -1.12 [-1.88, -0.35)
Total (95% CI) 97 95 100.0% -0.30 [-0.81, 0.21] p—

Heterogeneity: Tau® = 0.30; Chi® = 17.13, df = 6 (P = 0.009); I* = 65%

Test for overall effect: Z=1.16 (P = 0.25)

FIGURE 12. Effect of exercise on follicle-stimulating hormone [33-48]. SD: Standard deviation; IV: Inverse variance; CI:

Confidence interval.
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Control

Study or Subgroup Mean SD_Total
Arce et al., 1993 (Aerobic) 48 095 10
Arce et al., 1993 (Endurance) 4.8 0495 10
Bagatell and Brenner, 1990 114 62.35 12
De Souza et al., 1994 {High aerobic) 48 095 10
De Souza et al., 1994 (Moderate aerobic) 48 095 10
Fahmer and Hackney, 1998 7 1328 10
Luigi et al., 2001 4.1 23 30
Rosety et al., 2017 613 3.03 45
Vaamonde et al_, 2012 508 098 15
Total (95% CI) 152

Heterogeneity: Chi*=0.39, df =8 (P = 0.31); = 15%
Test for overall effect: Z = 0.44 (P = 0.68)

Intervention Std. Mean Difference Std. Mean Difference
Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

55 158 10 B.5% -0.51 [-1.41, 0.38]

4.3 1.7 8 59% 0.36 [-0.58, 1.30)

102 36.48 11 T.7% 0.22 [-0.60, 1.05)

53 166 11 6.9% -0.35 [-1.21, 0.51)]

5.3 15 9  B6.3% -0.39 [-1.30, 0.53)

T o727 10 6.8% 0.00 [-0.88, 0.88]

42 21 30 20.3% -0.04 [-0.55, 0.48] e —
537 276 45  301% 0.26 [-0.16, 0.68) -
5485 1.1 16  9.6% -0.81 [-1.54, -0.07]

150 100.0% -0.05 [-0.28, 0.18]

Subgroup analysis (Longitudinal studies)

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Arce et al., 1993 (Aerobic) 48 085 10 55 1.58 10  0.0% -0.51 [-1.41, 0.38]
Arce et al., 1993 (Endurance) 48 095 10 4.3 1.7 8  0.0% 0.36 [-0.58, 1.30]
Bagatell and Brenner, 1990 114 62.35 12 102 3648 11 13.2% 0.22 [-0.60, 1.05)
De Souza et al., 1994 (High aerobic) 48 095 10 53 1866 11 0.0% -0.35 [-1.21, 0.51]
De Souza et al., 1994 (Moderate aerobic) 48 095 10 53 1.5 9  0.0% -0.39 [-1.30, 0.53)
Fahmer and Hackney, 1938 7 1328 10 ToT2T 10 0.0% 0.00 [-0.88, 0.88]
Luigi et al., 2001 4.1 23 30 42 21 30 34.9% -0.04 [-0.55, 0.48) SRR E—
Rosety et al_, 2017 6.13 3.03 45 537 276 45 51.9% 0.26 [-0.16, 0.68) T
Vaamonde et al., 2012 508 098 15 595 1.1 16 0.0% -0.81 [-1.54, -0.07]
Total (95% CI) a7 86 100.0% 0.15 [0.15, 0.45]

Heterogeneity: Chi* = 0.87, df = 2 (P = 0.65); I* = 0%
Test for overall effect: Z =098 (P = 0.33)

Subgroup analysis (Moderate aerobic exercise)

Test for overall effect: Z=1.41 (P = 0.18)

FIGURE 13. Effect of exercise on luteinizing hormone [33-48].
Confidence interval.

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Arce et al., 1993 (Aerobic) 48 095 10 55 1.58 10 7.4% -0.51 [-1.41, 0.38)
Arce et al., 1993 (Endurance) 48 095 10 43 1.7 8 0.0% 0.36 [-0.58, 1.30]
Bagatell and Brenner, 1930 114 62.35 12 102 36.48 11 8.8% 0.22 [-0.60, 1.05]
De Souza et al., 1994 (High aerobic) 48 085 10 53 166 11 0.0% -0.35 [-1.21, 0.51)]
De Souza et al., 1994 (Moderate aerobic) 48 095 10 53 1.5 9 T7.2% -0.39 [-1.30, 0.53]
Fahmer and Hackney, 1998 7 13.28 10 T 127 10 7.8% 0.00 [-0.88, 0.88)
Luigi et al., 2001 4.1 23 30 42 21 30 232% -0.04 [-0.55, 0.48) T ——
Rosety et al_, 2017 6.13 3.03 45 537 276 45 346% 0.26 [-0.16, 0.68] -
Vaamonde et al., 2012 508 098 15 585 1.1 16  11.0% -0.81 [-1.54, -0.07]
Total (95% CI) 132 131 100.0% -0.06 [-0.30, 0.19] *‘
Heterageneity: Chi® = 8.20, df = 6 (P = 0.22); IF = 27% _11 _01 ro— n:s 1
Test for overall effect: Z = 0.44 (P = 0.68) i
Sensitivity analysis
Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Arce et al., 1993 (Aerobic) 48 095 10 55 158 10 10.3% -0.51 [-1.41, 0.38]
Arce et al., 1993 (Endurance) 48 085 10 4.3 1.7 8 93% 0.36 [-0.58, 1.30]
Bagatell and Brenner, 1990 114 62.35 12 102 36.48 11 12.2% 0.22 [-0.60, 1.05)
De Souza et al., 1994 {High aerobic) 48 095 10 53 1866 11 11.0% -0.35[-1.21, 0.51)]
De Souza et al., 1994 (Moderate aerobic) 48 095 10 53 15 9 99% -0.39 [-1.30, 0.53]
Fahmer and Hackney, 1938 7 1328 10 T 727 10 0.0% 0.00 [-0.88, 0.88)
Luigi et al., 2001 4.1 23 30 42 21 30 321% -0.04 [-0.55, 0.46] SR E—
Rosety et al., 2017 6.13 3.03 45 537 276 45 0.0% 0.26 [-0.16, 0.68)
Vaamonde et al., 2012 5.08 098 15 595 1.1 16 15.2% -0.81 [-1.54, -0.07]
Total (95% CI) 97 95 100.0% -0.21 [-0.49, 0.08] ki
i g o = L = } t } t
Heterogeneity: Chi® = 6.10, df = 6 (P = 0.41); I*= 2% 1 05 05 1

SD: Standard deviation; IV: Inverse variance; CI:



28

A Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgrou, Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Arce et al., 1993 (Aerobic) 69 221 10 7.5 348 10 19.4% -0.20 [-1.08, 0.68] I
Arce et al., 1993 (Endurance) 69 221 10 94 226 8§ 175% -1.07 [-2.08,-0.068) —
De Souza et al., 1994 (High aerobic) 69 221 10 73 332 1 197% -0.13[-0.99,0.72] S
De Souza et al., 1994 {Moderate aerobic) 69 2.1 10 88 241 9 18.3% -0.84 [-1.79, 0.11] -_—
Luigi et al., 2001 56 23 30 38 31 30 251% 0.61[0.10,1.13] —_—
Total (95% CI) 0 68 100.0% -0.25 [-0.91, 0.41] '-q—
Heterogeneity: Tau® = 0.38; Chi* = 12,88, df = 4 (P = 0.01); F=69% 3 B 3 1 3
Test for overall effect: Z = 0.75 (P = 0.45)
Subgroup analysis (Moderate aerobic exercise)
Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce atal., 1993 (Aerobic) 69 221 10 75 348 10 312% -0.20 [-1.08, 0.68] — ]
Arce et al , 1993 (Endurance) 69 221 10 94 226 8 0.0% -1.07 [-2.08, -0.06]
De Souza et al., 1994 (High aerobic) 69 221 10 73 332 11 00% -0.13[-0.99, 0.72]
De Souza et al., 1994 (Moderate aerobic) 69 221 10 88 241 9 207% -0.84 [-1.79, 0.11] - &1
Luigi et al., 2001 55 23 30 38 341 30 391% 0.61[0.10,1.13] —
Total (35% CI) 50 49 100.0% -0.07 [-0.95, 0.81] —-*D—
Heterogeneity: Tau® = 0.45; Chi* = 7.85, df = 2 (P = 0.02); I = 75% 2 1 3 1 2
Test for overall effect: Z= 0.16 (P = 0.88)
Sensitivity analysis
Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Arce et al., 1993 (Aerobic) 69 221 10 75 348 10 273% -0.20 [-1.08, 0.68] —_— i
Arce et al., 1993 (Endurance) 69 221 10 94 226 § 207% -1.07 [-2.08,-0.06) —*—
De Souza et al., 1994 (High aerobic) 69 2.21 10 73 332 11 287% -0.13 [-0.99, 0.72] I E—
De Souza et al., 1994 (Moderate aerobic) 69 221 10 a8 21 9 234% -0.84 [-1.79, 0.11] A
Luigi et al., 2001 55 23 30 38 34 30 0.0% 0.61[0.10, 1.13]
Total (95% CI) 40 38 100.0% -0.51[-0.97, -0.05] e
Heterogeneity: Chi* = 2.86, df = 3 (P = 0.41); I*= 0% L) 2 H 3
Test for overall effect: Z=2.18 (P = 0.03)
B
Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Arce et al., 1993 (Aerobic) 104 3783 10 92 1961 10 10.6% 0.38 [-0.50, 1.27)
Arce et al , 1993 (Endurance) 104 3763 10 833 2283 8 9.1% 0.62 [-0.34, 1.57] E—
Luigi et al., 2001 a8 86 30 3941 54 30 324% -0.15 [-0.686, 0.38] _—r
Rosety etal,, 2017 5775 875 45 5445 869 45 47.9% 0.38 [-0.04, 0.79) T—
Total (95% CI) 95 93 100.0% 0.23 [-0.06, 0.52) -
Heterogeneity: Chit = 3,38, df = 3 (P = 0.34); 1= 11% 1 0 n e 1
Test for overall effect: Z=1.54 (P =0.12) & 2
Subgroup analysis (Longitudinal studies)
Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Arce atal., 1993 (Aerobic) 104 3783 10 92 1961 10 0.0% 0.38 [-0.50, 1.27)
Arce et al , 1993 (Endurance) 104 3763 10 833 2283 8 0.0% 0.62 [-0.34, 1.57]
Luigi et al., 2001 38 86 30 391 54 30 461% -0.15 [-0.66, 0.36]
Rosety et al., 2017 5775 875 45 5445 869 45 53.9% 0.38 [-0.04, 0.79)
Total (95% CI) 75 75 100.0% 0.13 [-0.38, 0.65]
Heterogeneity: Tau® = 0.08; Chi* =247, df = 1 (P = 0.12); I = 60% :1 05 0 05 %
Test for overall effect: Z = 0.51 (P = 0.61) B
Subgroup analysis (Moderate aerobic exercise)
Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Arce atal., 1993 (Aerobic) 104 37863 10 92 19861 10 11.7% 0.38 [-0.50, 1.27)
Arce et al., 1993 (Endurance) 104 3763 10 833 2283 8 0.0% 0.62 [-0.34, 1.57]
Luigi et al., 2001 38 86 30 391 54 30 357% -0.15 [-0.66, 0.36] —_—
Rosety etal., 2017 5775 875 45 5445 869 46 527% 0.38 [-0.04, 0.79) T— &
Total (95% CI) 85 85 100.0% 0.19 [-0.11, 0.49] i
Heterogeneity: Chi? = 2.68, df = 2 (P = 0.26); I* = 25% 1 ¥ o 1
Test for overall effect: Z=1.22 (P =0.22) B B
Sensitivity analvsis
Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Arce et al., 1993 (Aerobic) 104 3763 10 92 1981 10 203% 0.38 [-0.50, 1.27] P
Arce et al., 1993 (Endurance) 104 37.63 10 833 2283 8 17.4% 0.62 [-0.34, 1.57] —
Luigi et al., 2001 38 86 30 391 54 30 622% -0.15 [-0.66, 0.36] — R
Rosety etal , 2017 57.75 875 45 5445 889 45 0.0% 0.38 [-0.04, 0.79]
Total (95% CI) 50 48 100.0% 0.09 [-0.31, 0.49) -P-—

Heterogeneity: Chi* = 2.45, df = 2 (P = 0.29); I*= 19% t y + +
Test for overall effect: Z = 0.45 (P = 0.65) B B

FIGURE 14. Effect of exercise on (A) prolactin and (B) oestrogen [33—48]. SD: Standard deviation; IV: Inverse variance;
CI: Confidence interval.
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Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bagatell and Brenner, 1980 116 416 12 116 332 11 26.8% 0.00 [-0.82, 0.82)
Fahmer and Hackney, 1998 76.9 2403 10 824 2783 10 23.2% -0.20 [-1.08, 0.68] =
Lovell et al., 2012 {Aerobic) 51.9 2288 11 51 15.26 11 25.6% 0.04 [-0.79, 0.88)
Lovell et al., 2012 (Endurance) 51.9 2288 11 5041 1297 10 24.4% 0.08 [-0.78, 0.93] ol

Total (95% CI)

44 42 100.0%

Heterogeneity: Chi* = 0.24, df =3 (P =0.97);, F = 0%

Test for overall effect: £ = 0.08 (P = 0.94)

-0.02 [-0.44, 0.41]

Subgroup analysis (Longitudinal studies)

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bagatell and Brenner, 1990 116 416 12 116 332 11 34.8% 0.00 [-0.82, 0.82] I
Fahmer and Hackney, 1998 76.9 24.03 10 824 2783 10  0.0% -0.20 [-1.08, 0.68)
Lovell et al., 2012 {Aerobic) 51.9 2288 11 51 1526 11 33.4% 0.04 [-0.79, 0.88]
Lovell et al., 2012 (Endurance) 51.9 2288 11 5041 12.97 10 31.8% 0.08 [-0.78, 0.93] ol

Total (95% CI)
Heterogeneity: Chi? = 0.02, df = 2 (P = 0.99); = 0%
Test for overall effect: Z = 0.16 (P = 0.87)

34 32 100.0%

0.04 [-0.44, 0.52]

Subgroup analysis (Moderate aerobic exercise)

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bagatell and Brenner, 1980 116 416 12 116 332 11 35.4% 0.00 [-0.82, 0.82]
Fahmer and Hackney, 1998 76.9 2403 10 824 2783 10 30.7% -0.20 [-1.08, 0.68] =
Lovell et al., 2012 {Aerobic) 51.9 2288 11 51 15.26 11 33.9% 0.04 [-0.79, 0.88]
Lovell et al., 2012 (Endurance) 51.9 2288 11 5041 1297 10 0.0% 0.08 [-0.78, 0.93]
Total (95% CI) 33 32 100.0% -0.05 [-0.53, 0.44]
Heterogeneity: Chi? = 0.18, df = 2 (P = 0.91); P = 0% s u:s f 015 .

Test for overall effect: £ = 0.19 (P = 0.85)

Sensitivity analysis

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bagatell and Brenner, 1990 116 416 12 116 332 11 0.0% 0.00 [-0.82, 0.82]
Fahmer and Hackney, 1998 76.9 24.03 10 824 2783 10  0.0% -0.20[-1.08, 0.68)
Lovell et al., 2012 {Aerobic) 51.9 2288 11 51 1526 11 51.2% 0.04 [-0.79, 0.88]
Lovell et al., 2012 (Endurance) 51.9 2288 11 5041 12.97 10 48.8% 0.08 [-0.78, 0.93]

Total (95% CI) 22 21 100.0%

Heterogeneity: Chi? = 0.00, df =1 (P = 0.96); F = 0%
Test for overall effect: £ = 0.20 (P = 0.84)

0.06 [-0.54, 0.66]

FIGURE 15. Effect of exercise on sex hormone-binding hormone [33—-48]. SD: Standard deviation; IV: Inverse variance;

CI: Confidence interval.

did not significantly increase SHBG in comparison with the
control counterpart (0.06 [—-0.54, 0.66] 0.84) and there was no
inter-study heterogeneity (/2 = 0%; x? p = 0.96) (Fig. 15).

3.4.14 Seminal ROS

Five studies were assessed for the effect of exercise on seminal
fluid reactive oxygen species (ROS), including 310 control and
297 subjects in the exercise group. There was no significant
impact of exercise on seminal ROS (72.96 [-165.65, 311.58]
0.55), but there was inter-study heterogeneity (12 = 98%; x2 p
< 0.00001) (Fig. 16, Ref. [33—48]). There was a significant
publication bias (Supplementary Fig. 15).

There was a substantial reduction in the seminal ROS in
subjects who exercised when compared with the control coun-
terpart in the subgroup analysis of longitudinal studies (202.58
[5.09, 400.07] 0.04), and there was inter-study heterogeneity

(I? = 95%; x? p < 0.00001). Subgroup analysis of the moder-
ate aerobic exercise studies revealed that exercise significantly
reduced seminal ROS (137.79 [80.67, 194.90] <0.00001), and
there was also no inter-study heterogeneity (/2 = 0%; x2 p =
0.56). On the contrary, the sensitivity analysis revealed that ex-
ercise involvement did not significantly increase seminal ROS
in comparison with the control (—123.15 [-670.96, 424.66]
0.66), but there was an inter-study heterogeneity (/2 = 99%;
x? p < 0.00001) (Fig. 16).

3.4.15 Seminal MDA

An assessment of five studies was carried out on the effect
of exercise on seminal MDA concentration, including 310
control and 301 subjects in the exercise group. Exercise
did not significantly affect seminal MDA concentration when
compared with the control (0.02 [-0.17, 0.22] 0.81), but there
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Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Maleki et al., 2013 (Elite athlete) 328 280 53 T3 204 56 19.8% -403.00 [-495.40, -310.60] -
Maleki et al., 2013 (Recreational) 328 280 53 172 136 52 20.0% 156.00 [72.04, 239.96) -
Maleki et al., 2017 (HICT) 435 229 68 3769 176 62  20.1%  397.31[327.44, 467.18) —
Maleki et al., 2017 (HIIT) 435 229 68 3478 195 65  20.1% 87.20 [15.02, 159.38) -
Maleki et al., 2017 (MICT) 435 229 68 3129 224 62 20.0% 122.10 [44.18, 200.02) -
Total (95% CI) 30 297 100.0%  72.96 [-165.65, 311.58)
Heterogenaity: Tau? = 72457.96; Chi® = 184.96, df = 4 (P < 0.00001); |2 = 98% f f f f f
Test for overall effect: Z = 0,60 (P = 0.55) o = ¢ 2 o
Subgroup analysis (Longitudinal studies)

Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Maleki et al., 2013 (Elite athlete) 328 280 53 T3 204 56 0.0% -403.00 [-495.40, -310.60)
Maleki et al., 2013 (Recreational) 328 280 53 172 136 52 0.0% 156.00 [72.04, 239.96)
Maleki et al., 2017 (HICT) 435 229 68 3769 176 62 33.5%  397.31[327.44, 467.18) -
Maleki et al., 2017 (HIIT) 435 229 68 3478 195 65 33.4% 87.20 [15.02, 159.38) -
Maleki et al., 2017 (MICT) 435 229 68 3129 224 62 33.1% 122.10 [44.18, 200.02) -
Total (95% CI) 204 189 100.0% 202.58 [5.09, 400.07] oo
Heterogenaity: Tau? = 20056.35; Chi® = 43,62, df = 2 (P < 0.00001); I* = 95% f f f f
Test for overall effect: Z = 2.01 (P = 0.04) sl R S
Subgroup analysis (Moderate acrobic exercise)

Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Maleki et al., 2013 (Elite athlete) 328 280 53 T3 204 56 0.0% -403.00 [-495.40, -310.60)
Maleki et al., 2013 (Recreational) 328 280 53 172 136 52 46.3% 156.00 [72.04, 239.96) —a—
Maleki et al., 2017 (HICT) 435 229 68 3769 176 62  0.0%  397.31[327.44, 467.18)
Maleki et al., 2017 (HIIT) 435 229 68 3478 195 65  0.0% 87.20 [15.02, 159.38)
Maleki et al., 2017 (MICT) 435 229 68 3129 224 62 53T% 122.10 [44.18, 200.02) —
Total (95% CI) 121 114 100.0% 137.79 [80.67, 194.90] o=
Heterogeneity: Chi® = 0.34, df = 1 (P = 0.56); I* = 0% t f f f
Test for averall effect: Z = 4.73 (P < 0.00001) 2l (el B L
Sensitivity analysis

Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Maleki et al., 2013 (Elite athlete) 328 280 53 T3 204 56 49.9% -403.00 [-495.40, -310.60] -
Maleki et al., 2013 (Recreational) 328 280 53 172 136 52 50.1% 156.00 [72.04, 239.96) -
Maleki et al., 2017 (HICT) 435 229 68 3769 176 62  0.0%  397.31[327.44, 467.18)
Maleki et al., 2017 (HIIT) 435 229 68 3478 195 65  0.0% 87.20 [15.02, 159.38]
Maleki et al., 2017 (MICT) 435 229 68 3129 224 62 0.0% 122.10 [44.18, 200.02)
Total (95% CI) 106 108 100.0% -123.15 [-670.96, 424.66)]

ity 2= - Chit = = BEE] I } } } .

Heterogeneity: Tau? = 154211.84; Chi* = 77.02, df = 1 (P < 0.00001); I* = 99% 1000 500 o 500 1000

Test for overall effect: Z = 0.44 (P = 0.66)

FIGURE 16. Effect of exercise on seminal fluid reactive oxygen species (ROS) [33—48]. SD: Standard deviation; IV:
Inverse variance; CI: Confidence interval, HICT: High-intensity continuous exercise; HIIT: High-intensity interval exercise;
MICT: Moderate-intensity continuous exercise.

was inter-study heterogeneity (/2

98%; y2 p < 0.00001)

(Fig. 17, Ref. [33-48]). There was a significant publication

bias (Supplementary Fig. 16).

However, the subgroup analysis of longitudinal studies

showed a considerably higher seminal MDA concentration
in subjects who were in the control group in comparison
with those who exercised (0.17 [0.08, 0.26] 0.0003), and
there was also inter-study heterogeneity (12 = 86%; 2
p = 0.0007). Subgroup analysis of the moderate aerobic
exercise studies also revealed that exercise markedly reduced
seminal MDA (0.18 [0.03, 0.32] 0.02), but there was also an
inter-study heterogeneity (/2 = 92%; x2 p = 0.0003). The

sensitivity analysis revealed that exercise involvement did
not significantly increase seminal MDA concentration in
comparison with the control (—0.20 [-0.79, 0.39] 0.51), but
there was an inter-study heterogeneity (/2 = 99%; x? p <
0.00001) (Fig. 17).

3.4.16 Seminal TAC

Six studies were assessed for the effect of exercise on seminal
TAC, including 436 controls and 438 subjects in the exercise
group. Seminal TAC was significantly higher in the subjects
who exercised compared with those in the control group (—1.71
[2.85, —0.58] 0.003), and there was inter-study heterogeneity
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Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Maleki et al., 2013 (Elite athlete) 03 02 53 08 03 56 19.5% -0.50 [-0.60, -0.40] — =
Maleki et al., 2013 {Recreational ) 0.3 0.2 53 02 01 52  20.1% 0.10 [0.04, 0.16] -
Maleki et al., 2017 (HICT) 047 019 68 038 017 62 20.1% 0.09 [0.03, 0.15] -
Maleki et al., 2017 (HIT) 047 019 68 031 015 65 20.1% 0.16 [0.10, 0.22] -
Maleki et al., 2017 (MICT) 047 0.19 68 022 013 66 20.2% 0.25[0.20, 0.30] -
Total (95% CI) 310 301 100.0% 0.02 [-0.17, 0.22]
Heterogeneity: Tau® = 0.05; Chi? = 185.21, df = 4 (P < 0.00001); I* = 98% f t T t f
Test for overall effect: Z = 0.24 (P = 0.81) R Hhas & 0k fe
Subgroup analysis (Longitudinal studies)
Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Maleki et al., 2013 (Elite athlete) 03 02 53 08 03 56 0.0% -0.50 [-0.60, -0.40]
Maleki et al., 2013 {Recreational) 03 0.2 53 02 041 52 0.0% 0.10 [0.04, 0.16]
Maleki et al., 2017 (HICT) 047 0.19 68 038 0.17 62 32.8% 0.09 [0.03, 0.15] —
Maleki et al., 2017 (HIIT) 047 019 68 031 015 65 33.4% 0.16 [0.10, 0.22] —_—
Maleki et al., 2017 (MICT) 047 019 68 022 013 66 33.9% 0.25[0.20, 0.30] —
Total (95% CI) 204 193 100.0% 0.17 [0.08, 0.26] e —
Heterogeneity: Tau? = 0.01; Chi2 = 14.64, df = 2 (P = 0.0007); 12 = 86% o2 .u: PP u: s o
Test for overall effect: Z = 3.61 (P = 0.0003) E: ’ : .
Subgroup analysis (Moderate aerobic exercise)
Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Maleki et al., 2013 (Elite athlete) 03 02 53 08 03 56 0.0% -0.50 [-0.60, -0.40]
Maleki et al., 2013 {Recreational) 03 02 53 0.2 01 52 49.6% 0.10 [0.04, 0.16] ——
Maleki et al., 2017 (HICT) 047 0.19 68 038 0.17 62  0.0% 0.09 [0.03, 0.15]
Maleki et al., 2017 (HIT) 047 0.19 68 031 0.15 65  0.0% 0.16 [0.10, 0.22]
Maleki et al., 2017 (MICT) 047 0.19 68 0.22 0.13 66 50.4% 0.25 [0.20, 0.30] —i—
Total (95% CI) 121 118 100.0% 0.18 [0.03, 0.32] =R
Heterogeneity: Tau® = 0.01; Chi? = 12.98, df = 1 (P = 0.0003); |2 = 92% t f f t
Test for overall effect: Z = 2.34 (P = 0.02) hE <l B Gl 02
Sensitivity analysis
Control Intervention Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Maleki et al., 2013 (Elite athlete) 03 02 53 08 03 56 49.8%  -0.50[-0.60, -0.40] =
Maleki et al., 2013 (Recreational) 03 02 53 0.2 01 52 50.2% 0.10 [0.04, 0.16] ]
Maleki et al., 2017 (HICT) 047 019 68 038 017 62 0.0% 0.09 [0.03, 0.15]
Maleki et al., 2017 (HIT) 047 019 68 031 015 65 0.0% 0.16 [0.10, 0.22]
Maleki et al., 2017 (MICT) 047 0.19 68 0.22 0.13 66  0.0% 0.25 [0.20, 0.30]
Total (95% CI) 106 108 100.0% -0.20 [-0.79, 0.39]
Heterogeneity: Tau? = 0.18; Chi? = 108.80, df = 1 (P < 0.00001); I = 99% 1 0 ¢ 0=5 :

Test for overall effect: Z = 0.66 (P = 0.51)

FIGURE 17. Effect of exercise on seminal fluid malondialdehyde (MDA) concentration [33—48]. SD: Standard deviation;
IV: Inverse variance; CI: Confidence interval; HICT: High-intensity continuous exercise; HIIT: High-intensity interval exercise;
MICT: Moderate-intensity continuous exercise.

(1% = 98%; x2 p < 0.00001) (Fig. 18, Ref. [33-48]). There
was a significant publication bias (Supplementary Fig. 17).
The subgroup analysis of longitudinal studies showed that
exercise had a marginal positive impact on seminal TAC in
subjects who exercised when compared with the control coun-
terpart (—0.29 [-0.59, 0.02] 0.06); inter-study heterogeneity
was significant (12 = 73%; x? p = 0.01). Subgroup analysis
of the moderate aerobic exercise studies demonstrated that
exercise significantly improved seminal TAC (—5.86 [—8.43,
—3.29] <0.00001), but there was also inter-study heterogeneity
(I? = 99%; x? p < 0.00001). In contrast, the sensitivity

analysis revealed that exercise involvement did not signifi-
cantly improve seminal TAC in comparison with the control
(—10.69 [—34.32, 12.95] 0.38), but there was an inter-study
heterogeneity (/2 = 100%; x? p < 0.00001) (Fig. 18).

3.4.17 Cortisol

A total of five studies were assessed for the effect of exercise
on serum cortisol, consisting of 57 controls and 57 subjects in
the exercise group. Exercise did not significantly impact serum
cortisol when compared with the control (—0.32 [-1.02, 0.38]
0.37), but there was inter-study heterogeneity (/2 = 69%; x>
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Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Maleki et al., 2013 (Elite athlete) 25 1 53 13 08 56 18.3% 1.32 [0.90, 1.74) —_—r
Maleki et al., 2013 (Recreational) 25 A 53 291 13 52 76% -22.80[-2596,-19.63) 4
Maleki et al., 2017 (HICT) 1.3 08 68 1.2 08 62  18.5% 0.12 [-0.22, 0.47] -
Maleki et al., 2017 (HIT) 13 08 68 16 09 65 18.5% -0.35 [-0.69, -0.01) —
Maleki et al., 2017 (MICT) 1.3 08 68 19 09 66 18.5% -0.70 [-1.05, -0.35] —
Montano et al. 2022 1 03 126 1.07 029 137 186% -0.24 [-0.48, 0.01] -
Total (95% CI) 436 438 100.0% -1.71 [-2.85, -0.58] o
Heterogeneity: Tau? = 1.79; Chi® = 258.31, df = 5 (P < 0.00001); I* = 98% 2 1 5 1 L

Test for overall effect: Z = 2.96 (P = 0.003)

Subgroup analysis (Longitudinal studies)

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Maleki et al., 2013 (Elite athlete) 25 1 53 13 08 56  0.0% 1.32 [0.90, 1.74)
Maleki et al., 2013 (Recreational) 25 53 291 13 52 0.0% -22.80 [-25.96, -19.63)
Maleki et al., 2017 (HICT) 1.3 08 68 1.2 08 62 23.9% 0.12 [-0.22, 0.47) e
Maleki et al., 2017 (HIT) 13 08 68 16 09 65 24.0% -0.35 [-0.69, -0.01] —
Maleki et al., 2017 (MICT) 1.3 08 68 19 09 66 23.7% -0.70 [-1.05, -0.35) —_—
Montano et al. 2022 1 03 126 1.07 029 137 283% -0.24 [-0.48, 0.01] —
Total (95% CI) 330 330 100.0% -0.29 [-0.59, 0.02] —=cgEHiRe— |
Heterogeneity: Tau® = 0.07; Chi*=11.16,df=3 (P =0.01); P =73% _:1 _0:5 o 0:5

Test for overall effect: Z = 1.85 (P = 0.08)

Subgroup analysis (Moderate aerobic exercise)

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Maleki et al., 2013 (Elite athlete) 25 1 53 13 08 56 27.8% 1.32 [0.90, 1.74) -
Maleki et al., 2013 (Recreational) 25 1 53 291 13 52 16.2% -22.80[-25.96,-19.63] 1
Maleki et al., 2017 (HICT) 1.3 08 68 1.2 08 62 0.0% 0.12 [-0.22, 0.47)
Maleki et al., 2017 (HIT) 13 08 68 16 09 65 0.0% -0.35 [-0.68, -0.01)
Maleki et al., 2017 (MICT) 13 08 68 19 09 66 27.9% -0.70 [-1.05, -0.35] -
Montano et al. 2022 1 03 126 1.07 029 137 281% -0.24 [-0.48, 0.01] ™
Total (95% CI) 300 311 100.0% -3.59 [-5.55, -1.63] —==RGEEEE
Heterogeneity: Tau? = 3.53; Chi* = 254.61, df = 3 (P < 0.00001}); I* = 99% =+ 2 " 2 74
Test for overall effect: Z = 3.60 (P = 0.0003)
Sensitivity analysis
Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Maleki et al., 2013 (Elite athlete) 25 1 53 13 08 56 50.2% 1.32 [0.90, 1.74]
Maleki et al., 2013 (Recreational) 25 1 53 291 13 52 49.8% -22.80[-25.96, -19.63) =
Maleki et al., 2017 (HICT) 1.3 08 68 1.2 08 62  0.0% 0.12 [-0.22, 0.47]
Maleki et al., 2017 (HIT) 13 08 68 16 09 65 0.0% -0.35 [-0.68, -0.01)
Maleki et al., 2017 (MICT) 13 08 68 19 09 66 0.0% -0.70 [-1.05, -0.35]
Montano et al. 2022 1 03 126 1.07 029 137 00% -0.24 [-0.48, 0.01]
Total (95% CI) 106 108 100.0% -10.69 [-34.32, 12.95]
Heterogeneity: Tau® = 280.49; Chi® = 219.12, df = 1 (P < 0.00001); I* = 100% 20 35 o 25 =0

Test for overall effect: £ = 0.89 (P = 0.38)

FIGURE 18. Effect of exercise on seminal fluid total antioxidant capacity (TAC) [33—48]. SD: Standard deviation; IV:
Inverse variance; CI: Confidence interval; HICT: High-intensity continuous exercise; HIIT: High-intensity interval exercise;

MICT: Moderate-intensity continuous exercise.

p =0.01) (Fig. 19, Ref. [33-48]). There was no significant
publication bias (Supplementary Fig. 18).

Subgroup analysis of the moderate aerobic exercise studies
revealed that cortisol level was not significantly altered by
exercise (—0.33 [—1.23, 0.57] 0.47), but there was also an inter-
study heterogeneity (12 = 77%; x? p = 0.005). In addition, the
sensitivity analysis revealed that exercise involvement did not
significantly increase serum cortisol in comparison with the
control (—0.30 [-1.09, 0.50] 0.46), but there was an inter-study
heterogeneity (12 = 59%; x? p = 0.09) (Fig. 19).

3.5 Qualitative analysis of inflammatory
markers and pregnancy outcomes

It was observed that exercise attenuated pro-inflammatory cy-
tokines (IL-1/3, IL-6, IL-8, and TNF-«) when compared with
the control group [44]. Also, exercise resulted in increased
pregnancy rate as well as live birth rate when compared with
the control [42].



33

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bagatell and Brenner, 1990 98 173 12 8.9 285 11 20.6% 0.39 [-0.44, 1.22) e
De Souza et al., 1994 (High aerobic) 3146 43.01 10 3364 70.98 11 201% -0.35 [-1.22, 0.51] —_—
De Souza et al., 1994 (Moderate aerobic) 3146 43.01 10 3746 67.2 9 18.6% -1.03 [-2.00, -0.06)
Fahmer and Hackney, 1998 11.7 5.89 10 18.2 348 10 18.4% -1.32 [-2.31, -0.33] I E—
Vaamonde et al., 2012 2124 43 15 1925 415 16 22.3% 0.46 [-0.26, 1.17) -
Total (95% CI) 57 57 100.0% -0.32 [-1.02, 0.38)] *

Heterogeneity: Tau® = 0.44; Chi* = 13.06, df = 4 (P = 0.01); " = 68%
Test for overall effect: Z = 0.90 (P =0.37)

rat
)

-

=

5]

Subgroup analysis (Moderate aerobic exercise)

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bagatell and Brenner, 1990 98 173 12 8.8 265 11 25.7% 0.39 [-0.44, 1.22) —
De Souza et al., 1994 {High aerobic) 3146 43.01 10 336.4 70.98 11 0.0% -0.35 [-1.22, 0.51)
De Souza et al., 1994 (Moderate aerobic) 314.6 43.01 10 3746 67.2 9 23.T% -1.03 [-2.00, -0.06) _—
Fahmer and Hackney, 1998 11.7  5.69 10 182 348 10 23.5% -1.32 [-2.31, -0.33) —_
Vaamonde et al., 2012 2124 43 15 1925 4.15 16 27.2% 0.46 [-0.26, 1.17) =
Total (95% CI) 47 46 100.0% -0.33 [-1.23, 0.57] —-q——
Heterogeneity: Tau? = 0.64; Chi? = 12.94, df = 3 (P = 0.005); I*= 77% t g s : .
Test for overall effect: Z = 0.72 (P = 0.47)
Sensitivity analysis

Control Intervention Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bagatell and Brenner, 1990 98 173 12 89 285 11 35.2% 0.39 [-0.44, 1.22) T
De Souza et al., 1994 (High aerobic) 3146 43.01 10 336.4 T70.98 11 34.0% -0.35 [-1.22, 0.51] —_— 7
De Souza et al., 1994 (Moderate aerobic) 314.6 43.01 10 3746 67.2 9 30.7% -1.03 [-2.00, -0.08) —_—
Fahmer and Hackney, 1998 11.7  5.69 10 18.2 348 10 0.0% -1.32 [-2.31, -0.33]
Vaamonde et al., 2012 21.24 43 15 19.25 4.15 16  0.0% 0.46 [-0.26, 1.17)
Total (95% CI) 32 31 100.0% -0.30 [-1.09, 0.50]

Heterogeneity: Tau® = 0.29; Chi* = 4.82, df = 2 (P = 0.09); 12 = 59%
Test for overall effect: Z = 0.74 (P = 0.46)

FIGURE 19. Effect of exercise on serum cortisol [33—48].

interval.

4. Discussion

Findings from this study demonstrate that exercise improves
sperm quality, especially semen volume, sperm count, con-
centration, progressive motility, and normal morphology. In
addition, exercise reduced sperm DNA damage and increased
pregnancy rate and live birth rate. These are associated with in-
creased TAC and reduced ROS, MDA, and pro-inflammatory
cytokines.

Conventional semen analysis assesses fundamental physio-
logical sperm variables, such as semen volume, sperm count,
concentration, motility, and morphology, to screen for male
infertility, while advanced analyses, like DNA fragmenta-
tion and oxidative stress markers, give deeper insights into
sperm function and sperm fertilization capacity. Sperm DNA
fragmentation promotes sperm damage, and elevated sperm
DNA fragmentation is associated with reduced pregnancy and
increased adverse fertility outcomes [49, 50]. This study shows
that exercise significantly improves basic sperm parameters
and sperm DNA. This agrees with a previous study that re-
ported reduced sperm DNA fragmentation in men who are on
an exercise regimen and antioxidants [51]. Also, it agrees with
previous studies that demonstrated improved sperm DNA in
men on a weight loss program [52, 53]. However, this does
not agree with the study of Hakonsen and his colleagues [54],

-1 0 1 2

Rt

SD: Standard deviation; IV: Inverse variance; CI: Confidence

who did not observe any significant improvement in sperm
chromatin structure in men undergoing weight control and
exercise. Although studies reporting the impact of exercise on
pregnancy rate and live birth rate in couples whose husbands
were on an exercise regimen are scanty, the present findings
that exercise improved pregnancy rate and live birth rates may
be attributed to the improvement of sperm quality in men
who are engaged in exercise since sperm DNA integrity is
positively correlated with improved pregnancy rate and live
birth rate [49, 50]. This agrees with an earlier study that
reported increased pregnancy rate and live birth rates [52], but
not with another that showed no association between exercise
and clinical pregnancy or live birth rates [24]. The observed
variation may be due to the type, intensity, and duration of the
exercise regimen.

In an attempt to explore the role of male sex hormones
and stress in the link between exercise and sperm quality, the
impact of exercise on testosterone, LH, FSH, SHBG, oestro-
gen, prolactin, and cortisol levels was investigated. SHBG
regulates the bioavailability of testosterone [55], which, at an
optimal level, maintains spermatogenesis and sperm protein
expression, thus enhancing sperm quality [56]. LH stimulates
the Leydig cells to produce testosterone, while FSH promotes
Sertoli cell function that is essential for sperm maturation
[57]. Elevated oestrogen disrupts hormonal balance, impair-
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ing spermatogenesis and lowering sperm quality [58], while
elevated prolactin suppresses gonadotropin-releasing hormone
(GnRH), LH, FSH, and testosterone, leading to hypogonadism
and poor semen quality [59]. Overall, physiological levels
of these hormones are essential for spermatogenesis, sperm
quality, and overall fertility potential. Remarkably, the present
study shows that exercise does not significantly alter male sex
hormones and cortisol levels. Although exercise was found
to increase prolactin level following a global analysis of the
included studies, subgroup analysis of the moderate aerobic
exercise revealed no significant changes in the prolactin level;
this suggests that the increased prolactin level may be due to
the type and intensity of the exercise engaged in.

Sperm DNA fragmentation is mediated by seminal oxidative
stress [60, 61]. In addition, seminal ROS level and MDA
generation are positively correlated with adverse pregnancy
outcomes [62]. Cellular antioxidant levels and TAC influ-
ence incident oxidative stress [63], thus modulating sperm
DNA fragmentation and pregnancy outcomes. The present
study showed that exercise elevated seminal TAC and reduced
seminal ROS and MDA. This infers that exercise, especially
moderate aerobic exercise, improves sperm quality and preg-
nancy outcomes by downregulating seminal ROS and MDA
generation and enhancing TAC. Oxidative stress is a cause
and consequence of inflammation [64]; thus, seminal oxida-
tive stress may promote seminal inflammation and vice versa.
The present findings that exercise reduces pro-inflammatory
cytokines in association with improved sperm quality and
pregnancy outcomes, and attenuated oxidative stress, suggest
that exercise protects sperm cells by downregulating cytokine
accumulation via suppression of seminal oxidative stress.

Despite the substantial facts presented in the present study,
it has some limitations. First, there are scanty RCTs that were
eligible for inclusion. This possibly affected the quality of the
included studies and the study outcome. Also, most of the anal-
yses showed publication bias. This may be due to the varying
degree of exercise intensity and duration, study design, and
different methods of determining the endpoints. Nonetheless,
this study seems to be the first meta-analysis on the effect of
exercise on semen quality and pregnancy outcomes with an
exploration of the possible role of inflammation and oxidative
stress.

5. Conclusions

In conclusion, exercise improves sperm quality and pregnancy
outcomes by downregulating seminal inflammation and ox-
idative stress. This may be independent of testosterone and
cortisol. However, well-designed RCTs should be conducted
to investigate the role of graded aerobic and resistance ex-
ercises with varying durations on sperm quality. This will
offer a useful tool in the non-pharmacological and non-surgical
management of male infertility.
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