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Abstract

Several reproductive disorders and infertility issues have been associated with dysbiosis in the reproductive tract. Recent
research indicates that addressing this imbalance can lead to improvements in spermatogenesis and sperm quality. A com-
prehensive search was conducted using databases such as PubMed, EBSCO, ProQuest, and Google Scholar to identify
studies relevant to probiotic utilization on sperm quality in idiopathic infertile males. The search strategies included specific
medical subject headings and keywords related to“sperm quality,“male infertilityand “probiotics.”"Random-effect meta-analyses
were performed to estimate the effect size. All studies showed significant improvement in = sperm qualities. A total of four
studies were included for both qualitative and quantitative synthesis. The data showed significant improvements in sperm
concentration, volume, and motility, with standardized mean differences of 1.96 (95% CI: 0.08-3.84, p = 0.04), 1.28 (95% Cl:
0.28-2.28, p = 0.07), and 0.89 (95% CI: 0.10-1.67 p = 0.03), respectively. Probiotic supplementation showed promising results
in improving sperm quality in males with idiopathic infertility. However, larger-scale studies are needed to confirm these
findings, and the mechanisms behind these effects should be further explored.

Keywords: Probiotics. Sperm quality. Sperm parameter. Male infertility.

Resumen

Diversos trastornos reproductivos y problemas de infertilidad se han asociado con la disbiosis en el tracto reproductivo.
Investigaciones recientes indican que abordar este desequilibrio puede conducir a mejoras en la espermatogénesis y la
calidad del esperma. Se realizé una busqueda exhaustiva en bases de datos como PubMed, EBSCO, ProQuest y Google
Scholar para identificar estudios relevantes sobre el uso de probidticos en la calidad espermdtica en hombres con infertili-
dad idiopdtica. Las estrategias de busqueda incluyeron encabezados de temas médicos especificos y palabras clave
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relacionadas con “calidad espermadtica’; “infertilidad masculina” y “probidticos’’ Se llevaron a cabo metaanalisis de efectos
aleatorios para estimar el tamafio del efecto. Todos los estudios mostraron una mejora significativa en las cualidades del
esperma. Se incluyeron un total de cuatro estudios tanto para la sintesis cualitativa como cuantitativa. Los datos mostraron
mejoras significativas en la concentracion, el volumen y la motilidad del esperma, con diferencias medias estandarizadas
(DME) de 1.96 (IC del 95%: 0.08 a 3.84, p = 0.04), 1.28 (IC del 95%: 0.28 a 2.28, p = 0.01) y 0.89 (IC del 95%: 0.10 a 1.67
p = 0.08), respectivamente. La suplementacion con probidticos mostré resultados prometedores en la mejora de la calidad
espermdtica en hombres con infertilidad idiopatica. Sin embargo, se necesitan estudios a mayor escala para confirmar estos

hallazgos, y los mecanismos detrds de estos efectos deben explorarse mds a fondo.

Palabras clave: Probiéticos. Calidad espermatica. Pardmetro espermatico. Infertilidad masculine.

Introduction

As a major health concern worldwide, infertility is
estimated to affect 8-12% of reproductive-age couples.
Besides being solely responsible for 20-30% of infer-
tility cases, males also contribute to 50% of overall
infertility cases'. The World Health Organization (WHO)
has defined male infertility as the inability of a male to
make a fertile female pregnant for a minimum of at
least 1 year of regular unprotected intercourse®2. WHO
defined different subtypes of sperm abnormalities:
asthenozoospermia, oligozoospermia, teratozoosper-
mia, or their combination*. Genetic mutations, congen-
ital reproductive abnormalities, endocrine/metabolic
dysfunction, environmental toxicant exposure, and life-
style factors have been associated with male infertility
or subfertility®.

A significant proportion of male infertility is idiopathic
in nature, without known causes, called idiopathic male
infertility (IMI). IMI is a multifactorial heterogeneous
disease where the infertile male has normal sperm and
semen parameters?®. IMI is a widely debated term, as
various degrees of infertility are prevalent in the general
population, with the most severe forms being azoosper-
mia and asthenozoospermia®. IMI is often treated
empirically, utilizing either hormonal or non-hormonal
remedies?.

Numerous reproductive disorders and infertility have
been linked to reproductive tract dysbiosis, or the pre-
dominance of pathogen-driven microorganisms in the
reproductive system’. To date, more attention has focused
on the potential roles of probiotics in restoring reproduc-
tive tract eubiosis while minimizing the use of antibiotics®.
Probiotics are defined by the Food and Agriculture
Organization of the United Nations and the WHO (FAO/
WHO) in 2002 as “live microorganisms that, when
administered in adequate amounts, confer a beneficial
health effect on the host™. In humans, probiotics have
been shown to enhance spermatogenesis, increase
epididymal sperm count, and improve the normal sperm
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percentage to reduce sperm morphological abnormal-
ities and DNA damage’.

Therefore, due to increasing interest in utilizing pro-
biotics as an adjunctive therapy to improve sperm
parameters, the obvious research gap in advanced clin-
ical trials on probiotics, and the lack of a comprehen-
sive meta-analysis, this study was designed to evaluate
the beneficial effects of probiotics on sperm parameters
among adult men diagnosed with idiopathic infertility.

Materials and methods

This systematic review was performed based on
Preferred Reporting Items for Systematic Review and
Meta-Analysis guidelines and registered on PROSPERO.

Eligibility criteria

The studies will be chosen according to the PICO
framework, which is explained below.

— Study Designs: randomized controlled trials (RCTs)
or non-randomized trials.

— Population (P): adult man diagnosed with idiopathic
infertility.

— Intervention (1): probiotics supplementation.

— Comparator (C): placebo, standard treatment, or no
treatment.

— QOutcome (O): primary outcomes, including sperm
quality in concentration, volume, and motility, while
secondary outcomes include any other sperm quality
outcome and adverse events.

There was no restriction on language or year of
publication.

Search strategy

Our search methods were created with a combination
of medical subject headings and free text terms linked
to sperm quality in IMI and probiotics. Our primary



sources of information were Google Scholar, EBSCO,
ProQuest, and PubMed. To find any possibly missing
papers, we manually searched the reference lists of the
included research and pertinent reviews. To guarantee
a thorough search, we used synonyms and versions of

the terms “sperm quality,” “idiopathic male infertility,”
and “probiotics” (Supplementary data).

Data management, selection, collection,
and extraction

Mendeley™ was used to manage the studies that
were identified throughout our search. Two co-authors
(AH and SA) separately gathered the identified papers,
eliminated the duplicates, and assessed them for eligi-
bility based on titles and abstracts. After the first
screening, full-text evaluations of potentially pertinent
research were carried out. Any disagreements that
arose throughout the selection process and quality
evaluation will be discussed and addressed.

Data collection entailed a thorough extraction of
information from the selected studies. The following
data were methodically extracted: author, publication
year, study nation, study design, length of study, num-
ber of participants and allocation, inclusion and exclu-
sion criteria, and intervention. Sperm quality, including
concentration, volume, and motility, was the main
objective; adverse effect was the secondary endpoint.
Two reviewers independently extracted the data, assur-
ing both reliability and accuracy. After that, a cross-
check was performed on the extracted data to guarantee
accuracy and consistency. When there were gaps in
the data, we tried to get in touch with the relevant study
authors to get the missing details.

Quality assessment

The quality of the included studies was assessed
using established criteria to ensure the validity and
reliability of the findings. We employed standardized
tools appropriate for the study designs included in our
review. The Cochrane Rob 2 tool was used to assess
RCT studies, whereas ROBINS-I was used to assess
non-randomized studies.

Data analysis and synthesis

The data were synthesized using both qualitative and
quantitative methodologies to provide a comprehensive
picture of the research findings. This study provided a
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narrative summary of the included studies in qualitative
synthesis, detailing study characteristics, interventions,
and outcomes. In a quantitative study, statistical soft-
ware (Review Manager 5.4) was used to examine the
included studies and conduct meta-analyses. Each out-
come was entered in continuous forms, and 95% con-
fidence intervals (Cls) were used to determine the
standardized mean difference (SMD). The I? statistic
and Chi-square test were used to assess the hetero-
geneity among the studies. Random-effects models
were employed when [? values were above 50%,
while fixed-effects models were used otherwise. We
used Egger’s test and funnel plots to evaluate publica-
tion bias.

Results
Study characteristics

A total of four studies were found through database
searches and manual investigation (Fig. 1). The initial
screening of 450 studies was done using their titles and
abstracts, and 21 duplicates were removed. From
these, 11 studies were thoroughly assessed to deter-
mine their eligibility, all in English. Four studies were
included in the final review as a result of this method
(Table 1)1°13, The risk of bias was assessed and pre-
sented in table 2.

Three of the four studies were RCTs, and one was a
single-arm trial involving 156 middle-aged participants.
All studies included patients with IMI and utilized spe-
cific probiotics, most commonly from the Lactobacillus
and Bifidobacterium genera, with concentrations rang-
ing from 10° to 10" CFU. The duration of the studies
varied between 10 weeks and 6 months.

Sperm quality change

A meta-analysis using a random-effects model
revealed significant improvements in several sperm
parameters (Fig. 2). Sperm concentration increased
with an SMD of 1.96 (95% CI: 0.08-3.84, p = 0.04) and
an I2 of 95%. The percentage of sperm motility also
showed significant improvement, with an SMD of
1.28 (95% Cl: 0.28-2.28, p = 0.01) and an I? of 86%. In
addition, ejaculate volume increased significantly, with
an SMD of 0.89 (95% CI: 0.10-1.67, p = 0.03) and an I?
of 79%. Two studies investigating the impact of probi-
otic supplementation on DNA fragmentation reported
significant improvements, along with reductions in
inflammatory and oxidative markers.
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Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) 2020 flow diagram.

Discussion

All selected studies had shown that probiotics with or
without prebiotics, administered over different durations,
short-term (3 weeks) or long-term (up to 6 months), suc-
cessfully showed constant results of improved infertility.
Probiotics with/without prebiotics improved male infertil-
ity significantly through various mechanisms: increased
sperm motility, increased sperm concentration, increased
viable sperm, increased ejaculate volume, and reduction
in oxidative and inflammatory markers.

Urol. Colomb. 2026;35(1) / elISSN: 2027-0119

Male infertility was responsible for almost 50% of
overall infertility, with 30% of these cases being idio-
pathic in nature'. IMI was postulated to be linked with
elevated reactive oxygen species (ROS) and decreased
antioxidant capacity due to environmental and/or
genetic factors. These pathological conditions disturb
the testicular microenvironment and disrupt normal
spermatogenesis®. However, low ROS levels were
required for normal sperm physiologic function: capac-
itation, hyperactivation, and acrosomal reaction'. High
levels of ROS caused lipid peroxidation, DNA damage,
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Table 2. Risk of bias assessment

Author, Year

bias)

Random
sequence
generation
(selection

1 Maretti et al., 2017  Low risk
2 Helli et al., 2020 Low risk
3 Abbasi et al., 2021 Low risk

Allocation
concealment
(selection
bias)

Low risk

Low risk

Low risk

Blinding of
participants
and personnel
(performance
bias)

Low risk
Low risk

Low risk

J.C. Prihadi et al. Probiotics and male infertility

Blinding of Incomplete
outcome outcome
assessment data
(detection (attrition
bias) bias)
Unclear Low risk
Low risk Low risk
Low risk Low risk

Selective
reporting
(reporting
bias)

Low risk

Low risk

Low risk

Unclear
Low risk

Low risk

ROBINS-I
Author, Year Bias due to | Bias in Bias in Bias due to Bias due Bias in Bias in
confounding | selection of classification | deviations to missing | measurement | selection
participants | of from data of outcomes | of the
into the interventions intended reported
study interventions result
1 Valcarce etal, 2017  Low risk Low risk Low risk Low risk Low risk Low risk Low risk
m Intervention Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV,R 95% Cl Year IV, Rand 95% Cl
Maretti et al. 25.98 5.3 20 1485 3.2 21 30.8% 2.51[1.67,3.35] 2017 e
Abbasi et al. 441 2497 22 2798 17.24 25 34.5% 0.75[0.15,1.34] 2020 —a—
Helli et al. 20.77 6.49 25 16.83 4.04 25 34.8% 0.72[0.14,1.29] 2020 ——
Total (95% CI) 67 71 100.0% 1.28 [0.28, 2.28] e —
Heterogeneity: Tau®= 0.67; Chi*=13.91, df=2 (P = 0.0010), = 86% _52 _’1 ) 1 é
Test for overall effect: Z= 2.50 (P = 0.01) Favours [intervention] Favours [control]
E’ Intervention Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Rand 95% CI
Maretti et al. 4283 383 20 18.95 55 21 30.7% 4.92[3.64,6.20] 2017 —
Abbasi et al. 50.81 3494 22 3444 30.31 25 346% 0.49[-0.09,1.08] 2020 T
Helli et al. 3321 791 25 27.03 7.45 25 34.6% 0.79[0.21,1.37] 2020 —a—
Total (95% ClI) 67 71 100.0% 1.96 [0.08, 3.84] i
Heterogeneity: Tau®= 2.57; Chi*= 39.57, df= 2 (P < 0.00001); F=95% —ii :2 ) é 1:1
Testfor overall effect: Z= 2.04 (P = 0.04) Favours [experimental] Favours [control]
C
. Intervention Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Maretti et al. 305 05 20 2.63 0.38 21 32.7% 0.93[0.28,1.58] 2017 —a—
Abbasi et al. 297 222 22 254 1.86 25 34.4% 0.21 [-0.37,0.78] 2020 —
Helli et al. 4.94 0.63 25 385 0.74 25 32.9% 1.56[0.92,2.20] 2020 —a—
Total (95% CI) 67 71 100.0% 0.89 [0.10, 1.67] >
Heterogeneity: Tau®= 0.38; Chi*= 9.61, df=2 (P = 0.008); = 79% _:4 _:2 ) % i
Testfor overall effect: Z= 222 (P=0.03) Favours [intervention] Favours [control]

Figure 2. Forest plot of probiotic effects on sperm parameters. A: forest plot of probiotic effects on sperm
concentration (per mL x 108). B: forest plot of probiotic effects on sperm motility (%); C: forest plot of probiotic
effects on ejaculate volume (mL).

enzyme inactivation, and spermatozoa protein oxida-
tion'>. Current management for IMI is composed of
hormonal therapies and non-hormonal therapies.
Hormonal therapies have long been studied and were
regarded as a safe and effective treatment for male

infertility, especially follicle-stimulating hormone (FSH)
and selective estrogen receptor modulators (SERMSs).
FSH directly increases spermatogenesis and spermio-
genesis. SERMs block negative feedback in the hypo-
thalamic-pituitary-gonadal axis, which increases GnRH

Urol. Colomb. 2026;35(1) / el[SSN: 2027-0119
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and gonadotropins (FSH and LH)'¢. Non-hormonal ther-
apies focused on reducing ROS that disturb the sper-
matogenetic process. Spermatozoa were especially
susceptible to ROS due to their plasma membrane
structure containing high polyunsaturated fatty acids
content'. Antioxidant supplementation acts to coun-
terbalance elevated ROS. Supplementation such as
carnitines, coenzyme Q10, vitamins (Vit C, Vit D, and
Vit E), and trace elements (zinc and selenium)
demonstrated high antioxidant capacity that was
effective for IMI'517,

Lactobacillus and Bifidobacterium strains were some
of the most common lactic acid bacteria marketed as
probiotics that had been studied to own antioxidant
properties. Oral probiotics exert their immune regula-
tory property by producing various cytokines and
chemokines responsible for increased mucus immuno-
globulin A (IgA), activation of regulatory T cells,
increased mucin production and tight junction protein,
and preventing dysbiosis by suppressing potential
pathogenic overgrowth'®. In vivo study in mice models
by Qiao et al. demonstrated that increased total antiox-
idant capacity was positively associated with higher
Lactobacilli growth in gut microbiome'®.

Furthermore, this immune regulatory property was not
limited to the gastrointestinal tract. A RCT study by Jing
et al. found that Bifidobacterium probiotic supplemen-
tation for 6 months in cow’s milk allergy infants success-
fully reduced allergic scores, improved anti-inflammatory
responses, significantly reduced pro-inflammatory cyto-
kines (tumor necrosis factor-alpha, interleukin [IL]-6,
and IL-1B), and significantly increased anti-inflammatory
cytokine (IL-10)%°. Another study by Zeng et al. demon-
strated that gut microbiota-based therapies for autoim-
mune diseases (such as celiac sprue, systemic lupus
erythematosus and lupus nephritis, juvenile idiopathic
arthritis, psoriasis, fiboromyalgia syndrome, progressive
systemic sclerosis, multiple sclerosis, type 1 diabetes
mellitus, Crohn’s disease, and ulcerative colitis) showed
improved symptoms, reduced inflammatory factors, and
were not associated with significant adverse events?'.
Similar to the gastrointestinal tract, the male reproduc-
tive system is also home to complex microbial commu-
nities that aid in normal physiologic processes.
Disruption in maintaining a balanced and healthy micro-
biome could lead to elevated oxidative stress, imbal-
ance in the redox state, and an increase in susceptibility
to infection and thus, infertility®2.

An in vitro study by Barbonetti et al. demonstrated
that a combination of three selected Lactobacilli strains

Urol. Colomb. 2026;35(1) / elISSN: 2027-0119

(Lactobacillus Brevis [CD2], Lactobacillus Salivarius
[F2], and Lactobacillus plantarum [FV9]) has a protec-
tive effect on sperm lipid peroxidation level, thus pre-
serving sperm viability and motility?3. In vivo studies in
rat models by Chen et al. also found significantly
reversed alterations due to a high-fat diet in the probi-
otic-supplemented group, resulting in an increase in all
semen parameters and a lower percentage of sperm
with DNA damage®*. Dardmeh et al. have also sug-
gested that Lactobacillus rhamnosus, as a potential
agent, positively impacts weight loss and reproductive
hormones, significantly improving sperm motility and
kinetic parameters in diet-induced obese male mice?.
While in human studies, Valcarce et al. studied the
effect of a probiotic containing L. rhamnosus CECT8361
and Bifidobacterium longum CECT7347 in nine asthe-
nozoospermic men for 12 weeks, and found a significant
improvement in sperm motility and a decrease in DNA
fragmentation. Helli et al. also found a significant increase
in sperm mean count, concentration, and motility com-
pared to the placebo group in 25 men with oligoasthe-
noteratozoospermia supplemented with a probiotic
containing Lacticaseibacillus casei, L. rhamnosus,
Lacticaseibacillus bulgaricus, Lacticaseibacillus aci-
dophilus, Bifidobacterium breve, B.longum, Streptococcus
thermophiles for 10 weeks.

Studies have shown that the prebiotic content of synbi-
otics, intended to promote the survival of probiotic strains
in the gastrointestinal tract, synergistically offers superior
functionality compared to probiotic or prebiotic solutions
alone®®. Abbasi et al. studied the effect of FamiLact, con-
taining a broad spectrum of beneficial Lactobacillus, B.
breve/longum, and S. thermophiles, along with prebiotics
(fructooligosaccharides) administration in 22 males with
IMI for 80 days were found to improve the semen param-
eters significantly’. Maretti et al. also studied another
synbiotic named Flortec, a synbiotic containing L. paraca-
sei B21060 (5 x 10° cells), arabinogalactan, oligo-fructo-
saccharides, and L-glutamine, on 20 males with idiopathic
oligoasthenoteratospermia over a 6-month therapy period,
demonstrating significant improvements in sperm param-
eters by optimizing free radical concentration in seminal
fluid, enhancing the prostatic microenvironment, and ame-
liorating intestinal flora''. In addition, elevated blood levels
of FSH, luteinizing hormone (LH), and testosterone (T)
were also observed, which are believed to be a conse-
quence of interaction with kisspeptin hypothalamic pulsa-
tile secretion, a key signaling in human fertility.

Emerging evidence has revealed that microorgan-
isms inhabit numerous human body sites, including the



urinary tract, which has long been assumed sterile?’.
Variations in each microbiota composition may not
impact the overall function of the microbiome, as it
produces the same metabolites and induces similar
changes in human cells. The correlation between dys-
biosis and increased oxidative stress was established.
Specific bacterial species may produce ROS via bac-
teriospermia, adhesion and agglutination events, bac-
terial toxins, and the inflammatory process?®.

Oral probiotics have demonstrated effectiveness in
addressing female reproductive issues and may simi-
larly hold potential in optimizing the male microbiome?®*.
The production of antioxidants and gamma-amino
butyric acid by the probiotics is thought to be the pri-
mary mechanism to improve sperm quality, particularly
regarding sperm concentration, motility, and decrease
of DNA fragmentation®. In addition, the male urogenital
tract and the gut microbiota interact to control testicular
function (gut-testes axis). Dysbiosis of the gut microbi-
ome alters the structure and function of the intestinal
barrier, leading to inflammation, endocrine disruption,
insulin resistance, and metabolic diseases, all of which
affect spermatogenesis pathways®'.

Our study had some limitations. The number of stud-
ies able to be included in the quantitative synthesis was
relatively small. Although this systematic review and
meta-analysis had different intervention durations that
represent varying therapeutic onset and duration of
probiotics in IMI, further high-quality studies are needed
to strengthen our findings.

Conclusion

Probiotic supplementation has shown promising
results in improving sperm quality, including signifi-
cantly elevated SMD of sperm concentration, percent-
age of sperm motility, and ejaculate volume in IMLI.
Nevertheless, large-scale studies are needed to vali-
date these findings, and the underlying mechanisms of
these effects should be further explored.
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