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Ureaplasma urealyticum upregulates seminal =

fluid leukocytes and lowers human semen
quality: a systematic review and meta-analysis
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Abstract

Background Ureaplasma urealyticum belongs to the class Mollicutes and causes non-gonococcal urethritis,

an inflammation of the urethra that is linked with impaired semen quality. However, some reports are contradictory,
and the reported effect of U. urealyticum on specific sperm variables is not consistent. Thus, this study synthesized
findings from published primary data and provides a robust and reliable inference on the impact and associated
mechanisms of U. urealyticum on sperm quality.

Methods A systematic search was conducted until 31st May, 2024, on Cochrane, Google Scholar, and Pubmed. The
Population, Exposure, Comparator/Comparison, Outcomes, and Study Design (PECOS) model was adopted. The popu-
lations were male in their reproductive ages who were infected with Ureaplasma urealyticum and confirmed posi-

tive versus the control who were age-matched non-infected or treated, while the outcomes included conventional
semen parameters, seminal fluid leucocyte count, and sperm interleukin-6 (IL-6) concentrations, and the studies were
either cross-sectional or longitudinal.

Results When compared with the control, quantitative analysis demonstrated that U. urealyticum significantly
reduced ejaculate volume (SMD 0.33 [95% Cl: 0.15, 0.52] p=0.0004), sperm concentration (SMD 0.47 [95% Cl: 0.31,
0.64] p <0.00001), total sperm motility (SMD 0.73 [95% Cl: 0.43, 1.02] p <0.00001), total motile sperm count (SMD 0.21
[95% Cl: 0.17,0.26] p <0.00001), normal sperm morphology (SMD 0.88 [95% Cl: 0.42, 1.35] p=0.0002), but increased
seminal fluid leukocyte count (SMD -0.82 [95% Cl: -1.61,-0.02] p=0.04). In addition, qualitative analysis revealed that U.
urealyticum-positive subjects had significantly higher levels of IL-13, IL-6, IL-8, TNF-q, peroxidase, leukocytes, neutro-
phils, CD4+T cells, and CD8+T cells in the seminal fluid when compared with the control. Furthermore, higher sperm
DNA fragmentation and apoptotic sperm cells were observed in U. urealyticum-positive subjects when compared

to the control.

Conclusions These findings revealed that U. urealyticum lowers semen quality via the upregulation of semi-

nal fluid leukocytes, elastase, pro-inflammatory cytokines, and DNA fragmentation. However, further studies are
required to elucidate the mechanisms underlying the association between U. urealyticum and semen quality decline
and to develop effective therapies for this condition.
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Résumé

Contexte Ureaplasma urealyticum appartient a la classe des Mollicutes et provogue une urétrite non gonococcique,
une inflammation de l'uretre, qui est liée a une altération de la qualité du sperme. Cependant, certains rapports sont
contradictoires, et l'effet rapporté de U. urealyticum sur les parameétres spécifiques des spermatozoides n'est pas cohé-
rent. La présente étude a synthétisé les résultats des données primaires publiées, et fournit une inférence robuste et
fiable sur I'impact et les mécanismes associés d'U. urealyticum sur la qualité du sperme. Une recherche systématique

a été menée jusqu'au 31 mai 2024 sur Cochrane, Google Scholar et PubMed. Le modele PECOS (Population, Exposure,
Comparator/Comparison, Outcomes, and Study Design) a été adopté. Les populations étaient des hommes en age de
procréer et infectés par U urealyticum, et dont les résultats positifs étaient confirmés par rapport aux témoins appariés
selon I'age, non infectés ou traités ; les résultats comprenaient les parametres conventionnels du sperme, le nombre
de leucocytes dans le liquide séminal et les concentrations d'interleukine-6 des spermatozoides (IL-6).

Résultats Par rapport aux témoins, I'analyse quantitative a montré que U. urealyticum réduisait significativement le
volume d’éjaculat (Différence de Moyenne Standardisée DMS 0,33 [ICa 95 %: 0,15, 0,52] p = 0,0004), la concentra-
tion de spermatozoides (DMS 0,47 [ICa 95 %: 0,31, 0,64] p< 0,00001), la motilité totale des spermatozoides (DMS 0,73
[ICa95%:043,1,02] p< 0,00001), le nombre total de spermatozoides mobiles (DMS 0,21 [ICa 95 %: 0,17, 0,26] p<
0,00001), les spermatozoides de morphologie normale (DMS 0,88 [IC a 95 % : 0,42, 1,35] p = 0,00002), mais augmentait
la numération leucocytaire du liquide séminal (DMS -0,82 [ICa 95 % :-1,61,-0,02] p = 0,04). De plus, I'analyse qualita-
tive a révélé que les sujets positifs a U. urealyticum présentaient des taux significativement plus élevés d'IL-1(3, d'IL-6,
d'IL-8, de TNF-q, de peroxydase, de leucocytes, de neutrophiles, de lymphocytes T CD4+ et de lymphocytes T CD8+
dans le liquide séminal par rapport aux témoins. De plus, des taux plus élevés de fragmentation de I'ADN des sperma-
tozoides et de spermatozoides apoptotiques ont été observées chez les sujets positifs a U. urealyticum par rapport aux
témoins.

Conclusions Ces résultats ont révélé que U. urealyticum abaisse la qualité du sperme via la régulation positive

des leucocytes du liquide séminal, de I'élastase, des cytokines pro-inflammatoires et de la fragmentation de I'ADN.
Cependant, d'autres études sont nécessaires pour élucider les mécanismes sous-jacents a l'association entre U. urea-
Iyticum et le déclin de la qualité du sperme, ainsi que pour développer des traitements efficaces pour cette maladie.

Testosterone Immunologie, Infection, Infertilité masculine, Sperme, Testostérone, Ureaplasma urealyticum

Introduction Ureaplasma urealyticum belongs to class Mollicutes,

Infertility is the failure to achieve conception after a
year of adequate unprotected sexual activity [1]. If this
is due to a male factor, it is referred to as male infertility.
About 30-50% infertility cases are caused by male fac-
tors, either solely or in combination with female factors
[2]. Although there are emerging causes, predisposing
factors of male infertility are classified as pre-testicular,
testicular, and post-testicular factors. Post-testicular
causes include vas deferens blockage, ejaculatory duct
obstruction, retrograde ejaculation and cystic fibrosis,
while testicular factors include testicular torsion/detor-
sion, varicocele, cryptorchidism, testicular cancer, heat
stress, Orchitis, spermatocele, genetic disorders, and
pre-testicular causes include endocrinopathies, smok-
ing, use of illicit drugs, psychoemotional stress, thyroid
disorders, exposure to environmental toxicants such
as heavy metals, and infections [2—-6]. These infections
may be viral [7, 8], fungal [9], or bacterial [10]. One of
the most prevalent bacterial causes of male infertility is
Ureaplasma urealyticum [11, 12].

commonly knowns as Mycoplasma. Although commen-
sal in the human urogenital tracts, they could be oppor-
tunistic, causing variety of reproductive diseases and
disorders. Ureaplasma spp hydrolyze urea and release
ammonia, they produce IgA protease, phospholipases
A and C as well as hydrogen peroxide. Ureaplasma ure-
alyticum causes non-gonococcal urethritis (NGU) [13];
an inflammation of the urethra without the presence of
Neisseria gonorrhoeae. The symptoms of NGU include
penile discharge, dysuria, and irritation around the
urethra; these are mainly linked to a decrease in male
fertility due to their effects on sperm quality [14]. Urea-
plasma urealyticum spreads through several routes,
such as direct sexual contact between partners, vertical
transmission from mother to child, hospital-contracted
infections from transplanted tissues, or unprotected
anal, vaginal, or oral sex with an infected individual
[15]. Ureaplasma urealyticum has been linked with
central nervous system infections, bronchopulmo-
nary dysplasia, sexually transmitted reactive arthritis
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(Reiter’s syndrome), chronic prostatitis, epididymitis,
and pregnancy complications [16].

U. urealyticum infects sperm cells by attaching and
integrating itself to the head of the sperm cells, thus lead-
ing to a reduction in sperm count, concentration, viabil-
ity, and motility [17, 18]. U. urealyticum also negatively
impacts semen pH and sperm morphology [19]. U. urea-
lyticum triggers inflammation [11] and enhances reactive
oxygen species (ROS) generation [20], leading to dam-
age to the sperm membrane, proteins and deoxyribonu-
cleic acid (DNA), thus DNA fragmentation. In addition,
U. urealyticum activates the immune system and pro-
motes the production of antisperm antibodies [21] that
may bind to spermatozoa and impair their motility and
oocyte-penetration ability, thus reducing male fertil-
ity. U. urealyticum may also alter the chemico-biological
makeup of the semen by altering the seminal fluid pH
[17, 18], making the environment hostile to sperm sur-
vival and motility.

Despite several reports on the negative impact of U.
urealyticum on sperm quality and male fertility, some
reports are conflicting and the reported effect of U. ure-
alyticum on specific sperm variable is not consistent.
Thus, the present study synthesized findings from mul-
tiples primary data and provides a more robust and relia-
ble conclusion on the impact and associated mechanisms
of U. urealyticum on sperm quality.

Materials and methods
Protocol and inclusion criteria
The present study was registered on PROSPERO
(CRD42024534950). This study adhered to the “Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA)” strategy. The Population, Exposure,
Comparator/Comparison, Outcomes, and Study design
(PECOS) model was adopted and eligible studies pub-
lished until May, 2024 were included. The studied pop-
ulations were male in their reproductive ages who were
infected with Ureaplasma urealyticum and confirmed
positive. The outcomes included ejaculate volume, semi-
nal fluid pH, sperm concentration, total motility, progres-
sive motility, total motile sperm count, sperm vitality
(viability), sperm morphology, and seminal fluid leu-
cocyte count and interleukin- 6 (IL- 6) concentrations.
The studies were either cross-sectional or longitudinal.
Studies without appropriate control groups, studies in
female, in vitro studies, review articles, commentar-
ies, perspectives, letters to editor, editorials, preprint,
conference abstract, degree thesis, and retracted papers
were excluded. There was no restriction on language or
country.

Search strategy, assessment of the quality of the eligible
studies, and data collection.
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Systematic searches were conducted on Cochrane,
Google Scholar, and Pubmed using these Boolean
strings ("Ureaplasma urealyticum"OR"urealyticum"OR"
ureaplasma”) AND ("sperm"OR"semen"OR"sperm count
"OR"sperm concentration"OR"sperm motility"OR"semen
volume"OR"ejaculate volume"OR"semen pH"OR"semen
leucocyte"OR"semen WBC"OR"sperm viability"OR"sperm
vitality").

Abstracts and full text of articles were collected by
all authors, and the eligible studies were assessed for
the quality of evidence (QoE), risk of bias (RoB), and
certainty of evidence (CoE) by OSK, VJA, CAA, and
TMA. Disputes were resolved by REA. The QoE of eli-
gible papers was evaluated by the ErasmusAGE quality
score for systematic reviews, which assigns a number
between 0 and 2 to five different domains, and a possi-
ble maximum score of 10 [22], while the “Office of Health
Assessment and Translation (OHAT)” methodology was
used to evaluate the RoB [23] and Using the “Grading of
Recommendations Assessment, Development and Evalu-
ation (GRADE) Working Group” standards as a guide,
the “OHAT approach for systematic review and evidence
integration for literature-based health assessment was
used to assess the certainty of the evidence” [24, 25].

The data collected from the eligible studies include:
last name of the principal investigator, publication date,
study design, town and country of study origin, method
of Ureaplasma urealyticum diagnosis, sample size, ages
of patients, and measured outcomes of interest. The out-
comes of interest were collected as mean and standard
deviation, but when the variables were presented in other
forms, the mean and standard deviation were derived
from the provided data. Web Plot Digitizer was employed
to derive the quantitative data in cases where graphs were
used.

Quantitative and qualitative analysis.

Where sufficient data were collected, meta-analyses
were conducted using Review Manager (version 5.4.1).
The standardized mean difference (SMD) at 95% confi-
dence intervals (CIs) was calculated. When p-value <0.1
or I*> 50% which indicates the presence of significant
heterogeneity, a random-effect model was used; how-
ever, when p-value >0.1 or I?< 50% which suggests the
absence of significant heterogeneity, a fixed-effect model
was used. Subgroup analyses were performed per study
design (cross-sectional studies and longitudinal stud-
ies) to evaluate the impact of Ureaplasma urealyticum
infection in patients versus control, and before versus
after Ureaplasma urealyticum treatment on various end-
points respectively. The controls were age-matched unin-
fected subjects, but in longitudinal studies, the control
refers to both uninfected subjects and the treated state
as indicated in the figures. Subgroup analyses were also
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Studies identified
Through Cochrane
(n=7)

Studies identified
through Google scholar
(n=8860)

Studies identified
through PubMed
(n=335)

A 4
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L3 analysis
(n=23)

Fig. 1 PRISMA flowchart for the strategic identification, screening, and inclusion of eligible studies

performed based on the different diagnostic techniques
[Polymerase Chain Reaction (PCR), culture or rapid
diagnostic tests (RDT)]. To assess the possible sources
of heterogeneity, sensitivity analysis was conducted by
excluding the studies with the largest weight, low QoE
(< 5), high RoB (< 4), and low CoE. Publication bias was
visually determined using the funnel’s plots.

Where there were limited study and data collected
were not sufficient for quantitative analysis, qualitative
analyses were done.

Results

Study identification, screening, and inclusion

A total of 9202 published articles were identified from
the various databases. After the exclusion of review arti-
cles, editorials, commentaries, studies in female, in vitro
studies, duplicates and retracted papers, 45 articles were
potentially eligible for full text evaluation. Out of this, 22
were excluded for lack of appropriate comparison, leav-
ing 23 articles [11, 12, 17, 17, 18, 26—44] as eligible for
inclusion in the study (Fig. 1).

The eligible papers were published between 2003 and
2024, and they were from diverse geographical location.
Other details of the included studies such as the diagnos-
tic techniques, sample size, and age distribution of sub-
jects are presented in Table 1.

Assessment of the QoE, RoB, and CoE

All the eligible studies [11, 12, 17, 18, 26—44] had QoE
above 5, showing good QoE (Table 2). However, four of
the studies [27, 29, 33, 39] had moderate (6/9) RoB while
others [11, 12, 17, 18, 26, 28, 30-32, 34—38, 40—44] had
low (> 6/9) RoB (Table 3). In addition, three of the eligible
studies [38, 39, 43] had moderate CoE, while others [11,
12,17, 18, 26-37, 40—42, 44] had high CoE (Table 4).

Quantitative analysis

Ejaculate volume

A total of 25 studies from 19 published articles consist-
ing of 21, 111 controls and 5, 161 U. urealyticum-infected
subjects were included to determine the effect of UL
urealyticum on ejaculate volume. It was observed that
U. urealyticum significantly reduced ejaculate volume
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Table 2 Assessment of the quality of evidence of the eligible studies

Study Study design Study size Method of Method of Analysis with Total

measuring measuring adjustment
exposure outcome

Aghazarian et al.,, 2024 [26] 1 2 1 2 1 7/10
Al-Daghistani & Abdel-Dayem, 2010 [27] 1 1 2 2 1 7/10
AL-SWEIH, et al,, 2012 [28] 1 2 2 2 2 9/10
Andrade-Rocha, 2003 [29] 1 1 1 1 1 5/10
Bai et al, 2021 [30] 1 2 1 1 2 7/10
Gdoura et al,, 2007 [31] 1 1 2 1 1 6/10
Golshani et al.,, 2007 [32] 1 2 2 1 2 8/10
Huang et al,, 2015 [33] 1 2 1 1 2 7/10
Karthikeyan et al.,, 2021 [34] 1 0 2 2 2 7/10
Le etal, 2020 [35] 1 2 2 1 2 7/10
Liu etal, 2014 [36] 1 2 1 2 1 7/10
Liuetal, 2022a [17] 2 1 1 2 2 8/10
Liu et al, 2022b [18] 1 2 1 2 1 7/10
Moretti et al., 2009 [37] 1 2 2 2 2 9/10
Paira et al,, 2023 [11] 1 2 2 2 2 9/10
Peerayeh et al., 2008 [38] 1 2 2 1 1 7/10
Pendas et al., 2013 [39] 1 1 1 2 1 6/10
Qing et al,, 2017 [40] 1 2 2 1 2 8/10
Xianchun et al,, 2023 [12] 1 2 2 2 2 9/10
Zeighami et al., 2007 [41] 1 2 2 1 1 7/10
Zeighami et al., 2009 [42] 1 2 2 1 1 7/10
Zhang et al,, 2020 [43] 1 2 1 1 2 7/10
Zinzendorf et al,, 2008 [44] 1 2 1 1 2 7/10

when compared with the control (SMD 0.33 [95% CIL:
0.15, 0.52] p= 0.0004). More so, there was a significant
heterogeneity (I>= 95%; X p < 0.00001). Publication bias
was also observed (S Fig. 1). The subgroup analysis of the
cross-sectional studies revealed a significant reduction in
the ejaculate volume of in U. urealyticum-infected sub-
jects when compared with U. urealyticum-negative sub-
jects (SMD 0.43 [95% CI: 0.23, 0.64] p< 0.0001). Also,
a significant heterogeneity was observed (I*= 95%; X>
p< 0.00001). However, subgroup analysis of the longi-
tudinal studies showed that U. urealyticum did not sig-
nificantly alter ejaculate volume (SMD — 0.26 [95% CI:
0.62, 0.09] p= 0.14) and a significant heterogeneity was
also observed (I>= 81%; X2 p= 0.005). More so, the sub-
group analysis of the culture-based studies showed that
U. urealyticum significantly reduced ejaculate volume
(SMD 1.29 [95% CI: 0.71, 1.87] p< 0.0001) but a signifi-
cant heterogeneity was also observed (I’= 97%; X* p<
0.00001), while the subgroup analysis of the PCR-based
studies showed that U. urealyticum did not alter ejaculate
volume (SMD — 0.21 [95% CI: — 0.43, 0.01] p= 0.07) and
a significant heterogeneity was also observed (I>= 76%;
X? p= 0.002). The subgroup analysis of the RDT-based

studies demonstrated a significant reduction in ejaculate
volume in patients infected with U. urealyticurn when
compared with the control (SMD 0.78 [95% CI: 0.27,
1.29] p= 0.003) but a significant heterogeneity was also
observed (I>= 97%; X?> p< 0.00001). Nonetheless, the
sensitivity analysis demonstrates a significant reduction
in ejaculate volume in U. urealyticum-positive patients
when compared with the controls (SMD 0.52 [95% CIL:
0.24, 0.81] p=0.0004) and a significant heterogeneity was
also observed (I?= 95%; X? p < 0.00001) (Fig. 2).

Seminal fluid pH

A total of 14 studies from 10 articles, consisting of 18,
410 control and 3, 287 U. urealyticum-positive sub-
jects, were evaluated for the impact of U. urealyticum
on seminal fluid pH. It was observed that U. urealyti-
cum did not significantly alter seminal fluid pH (SMD
0.09 [95% CI: — 0.41, 0.58] p= 0.73) when compared
with the controls and a significant heterogeneity was
observed (I’= 99%; X> p< 0.00001). Also, publica-
tion bias was observed (S Fig. 2). The subgroup analy-
sis of the cross-sectional studies also revealed that U.
urealyticumm did not significantly alter seminal fluid
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Table 4 Assessment of the certainty of evidence of the eligible studies
Study Initial rating Downgrading? Upgrading? Confidence
in body of
evidence
Aghazarian et al.,, 2024 [26] High No No High
Al-Daghistani & Abdel-Dayem, 2010 [27] High No No High
AL-SWEIH, et al., 2012 [28] High No Yes, 1 High
Andrade-Rocha, 2003 [29] High No No High
Baietal, 2021 [30] High No No High
Gdoura et al,, 2007 [31] High No No High
Golshani et al.,, 2007 [32] High No No High
Huang et al,, 2015 [33] Medium No Yes, 1 High
Karthikeyan et al.,, 2021 [34] High No No High
Le et al, 2020 [35] High No Yes, 1 High
Liu et al, 2014 [36] High No Yes, 1 High
Liu et al, 2022a [17] High No Yes, 1 High
Liu et al, 2022b [18] High No No High
Moretti et al., 2009 [37] Moderate No Yes, 1 High
Paira et al,, 2023 [11] High No No High
Peerayeh et al,, 2008 [38] High Yes, 1 No Moderate
Pendas et al., 2013 [39] Moderate No No Moderate
Qing et al,, 2017 [40] High No Yes, 1 High
Xianchun et al,, 2023 [12] High No Yes, 1 High
Zeighami et al,, 2007 [41] High No No High
Zeighami et al., 2009 [42] High No No High
Zhang et al,, 2020 [43] High Yes, 1 No Moderate
Zinzendorf et al,, 2008 [44] High No Yes, 1 High

pH (SMD — 0.08 [95% CI: — 0.64, 0.48] p= 0.78) when
compared with U. urealyticum-negative controls. A sig-
nificant heterogeneity was observed (I*= 99%; X* p<
0.00001). More so, the seminal fluid pH did not vary
considerably after U. urealyticum treatment compared
to before treatment (SMD 0.71 [95% CI: — 0.02, 1.44]
p=0.06) and there was a significant heterogeneity (I*=
95%; X* p < 0.00001). Additionally, the subgroup analy-
sis of the culture-based studies showed that U. urealyti-
cum significantly reduced seminal fluid pH (SMD 1.05
[95% CI: 0.57, 1.53] p< 0.0001) but a significant heter-
ogeneity was also observed (1= 94%; X? p< 0.00001),
while the subgroup analysis of the PCR-based studies
revealed that U. wurealyticum did not alter ejaculate
volume (SMD — 0.46 [95% CI: — 1.54, 0.61] p= 0.40)
and a significant heterogeneity was also observed (I*=
98%; X* p < 0.00001). Similarly, the sensitivity analysis
demonstrated no significant change in the seminal fluid
pH of U. urealyticum-positive subjects when compared
with the control (SMD 0.11 [95% CI: — 0.57, 0.08] p=
0.74) and a significant heterogeneity was observed (I*=
99%; X* p < 0.00001) (Fig. 3).

Sperm concentration

Twenty-seven (27) studies from 20 articles comprising
of 21, 328 control and 5, 390 U. urealyticum-positive
patients were evaluated for the impact of U. urealyticum
infection on sperm concentration. It was observed that U/,
urealyticum led to a marked reduction in sperm concen-
tration when compared with the control (SMD 0.47 [95%
CI: 0.31, 0.64] p< 0.00001) when compared with the con-
trols and a significant heterogeneity existed (I>= 94%; X*
p < 0.00001). Publication bias was also observed (S Fig. 3).
In addition, a subgroup analysis of the cross-sectional
studies revealed that U. urealyticum-positive patients
had significantly lower sperm concentration when com-
pared with U. urealyticum-negative subjects (SMD 0.55
[95% CI: 0.36, 0.73] p< 0.00001); however, there was a
significant heterogeneity (I>= 94%; X> p< 0.00001). The
subgroup analysis of longitudinal studies showed that the
sperm concentration of U. urealyticum-infected subjects
did not significantly improve after treatment compared
to before treatment (SMD 0.08 [95% CI: — 0.02, 0.19]
p=0.13) and there was no significant heterogeneity (I>=
0%; X> p= 0.82). Furthermore, the subgroup analyses of
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Fig. 2 Effect of ureaplasma urealyticum on human ejaculate volume. UU: Ureaplasma urealyticum, SD: Standard deviation, Cl: confidence interval.
Meta-analysis was performed using a random-effect model. Data are shown as standardized mean difference and Confidence interval (Cl)

the culture-based studies (SMD 0.10 [95% CI: 0.01, 0.19]
p=0.04), PCR studies (SMD 1.55 [95% CI: 1.03, 2.08] p<
0.00001), and RDT studies (SMD 0.10 [95% CI: 0.06, 0.15]
p< 0.00001) revealed that U. urealyticum significantly
reduced sperm concentration when compared with the
control, and there was no significant heterogeneity for
the culture-based studies (I>= 0%; X> p= 0.82) and RDT
studies (I*= 40%; X? p< 0.19), but there was for the PCR
studies (I>= 97%; X* p < 0.00001). Nonetheless, sensitivity
analysis demonstrated a significant reduction in sperm
concentration in U. urealyticum-positive subjects when

compared with the controls (SMD 0.57 [95% CI: 0.36,
0.78] p< 0.00001); but this showed a significant heteroge-
neity (I= 94%; X? p < 0.00001) (Fig. 4).

Sperm total motility

A total of 20 studies from 15 articles that include 18,
944 controls and 3, 136 U. urealyticum-infected patients
were analyzed for the effect of U. urealyticum on sperm
total motility. U. wurealyticum infection significantly
reduced sperm total motility when compared with the
controls (SMD 0.73 [95% CI: 0.43, 1.02] p < 0.00001) and
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Control w $td. Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight _IV.Random, 95%Cl
A-Swein etal, 2012 (Ferlle patients) 784 518 139 799 252 49 71%  -0.03}036,029) —
A-Swein etal, 2012 (Infertle patients) 786 486 96 797 273 31 70%  -0.020043,038)
Gdoura etal, 2007 762 03 102 757 021 18 68% 0170033067
Golshani et al, 2007 779 028 134 779 031 6 72%  000[0.29,029
Huang etal. 2016 -0.26 F0.30,-0.21]
Leetal, 2022 -0.09£0.37,048]
Liu etal, 2022a (Afer vs. before) 079(051,1.07)
Liustal, 2022a (Vs. control) 729 065 236 698 05 104 72% 051[027,0.74)
Liu etal, 2022 (Afer vs. before) 1968 168 198 1776 12 198 73%
Liu etal, 20220 Vs, control) 2016 194 198 1748 145 198 73%
Paira etal, 2023 76 008 55 765 013 14 67%
Xianchum etal, 2023 722 003 359 728 002 38 73%
Zhang etal., 2020 (Afer vs. before) 766 059 70 766 079 70 7%
Znang et al 2020 (Vs. control) 77 044 200 763 063 95 72%

Std. Mean Difference
IV, Random, 95% CI

716 012 16200 749 009 1951 7.4%
713 031 319 716 035 61 72%
738 048 104 7 048 104 72%

1.31(110,1.53]
156[1.34,1.79]
-0.54 1113, 0.06]
-2331252,-214)
0.00£033,033)
014[011,038)

Total (95% CI) 18410 3287 100.0%
Heterogeneity. Tau"= 0,67, Chi*= 984.01, df= 13 (P < 0.00001); F= 99%
Testfor overall effect Z=0.35 (P = 0.73)

0.09[-041,058]

Subgroup analysis (cross-sectional studies)

Control w Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight _IV.Random, 95%Cl
A-Swein etal, 2012 (Ferlle patients) 784 518 139 799 252 49 91%  -0.03}036,029)
ARSwein etal, 2012 (Infertle patients) 786 486 96 797 273 31 89%  -0.020043,038)
Gdoura etal, 2007 762 03 102 757 021 18 87% 0170033067
0.00(0.29,0.29)
-0.26 F0.30,-0.21]
-0.09£0.37,048]
079(051,1.07)

Std. Mean Difference
IV, Random, 95% CI

Golshani etal, 2007
Huang etal, 2016

Leetal, 2022

Liuetal, 2022a (After vs. before)
Liu et al., 2022a (Vs. control)
Liuetal, 2022b (After vs. before)
Liu etal, 2022b (Vs. control) 2016 194 198 1748 145 198 93%
Paira etal, 2023 76 008 55 765 013 14 85%
Xianchum etal, 2023 722 003 359 728 002 328 93%
Zhang etal, 2020 (Afler vs. before) 766 058 70 766 079 70 00%

770 028 134 779 031 66 92%
716 012 16200 749 009 1951 9.4%
713 031 319 716 035 61 92%

el

051(0.27,0.74]
1.31(110,1.53]
156[1.34,1.79] -
-0.54 1113, 0.06]

-2334252,-214) —
0.00£033,033)

Zhang etal, 2020 (Vs. control) 77 044 200 763 063 95 92% 014[0.11,038) T
Total (95% CI) 18038 2915 100.0% 0.08[-0.64, 0.48] -
Heterogeneity: Tau® = 0.86; Chi* = 750,07, df=10 (P < 0.00001); "= 9% 4% 3

Testfor overall effect Z= 0,28 (P = 0.78)

Subgroup analysis (longitudinal studies)

Control w Std. Mean Difference Std. Mean Difference
Mean SD Total Mean SD Total Weight _IV.Random, 95% CI IV, Random, 95% CI
A-Gweih etal, 2012 (Fertie patients)  7.84 518 139 799 252 43 00%  -003F036,029]
A-Gweih etal, 2012 (Infertie patients) 786 485 95 797 273 31 00%  -002F043,038
Gdoura etal, 2007 762 03 102 757 021 18 00%  017(033,067]
779 028 134 779 031 66 00%
716 012 16200 719 0.09 1851 00%
713 031 319 746 035 61 00%

Study or Subgroup

Golshani etal, 2007
Huang etal, 2016
Leetal, 2022

0.00029,029]
-0.26 £0.30,-0.21]
-0.0810.37,0.18]

Liuetal, 2022a (After vs. before) 738 048 104 7 048 104 333% 0.79[051,1.07] =
Liuetal, 2022a (¥s. control) 729 085 236 698 05 104 00% 051(0.27,0.74]
Liu etal, 2022b (Aftervs. before) 1968 168 198 1776 12 198 340% 1.31[1.10,1.53] -

Liu etal, 2022b (Vs. control) 2016 194 198 1748 145 198  00%
Paira etal, 2023 76 008 55 765 043 14 00%
Xanchum etal, 2023 722 003 359 728 002 328  00%
Zhang et . 2020 (Afer vs. before)

1.66[1.34,1.79]
-0.5411.13,0.06]
-233252,-2.14]
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Total (95% C1) 312 372 1000%  07100.02,1.44) —
Heterogeneity Tau*= 0.40; Chi*= 4273, df= 2 (P < 0.00001); F= 95% —

Testfor overall eflect Z= 1.90 (P = 0.06)
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Subgroup analysis (Culture-based studies)

Control w Std. Moan Difference Std. Mean Difference
Study or Subgroup Mean SD _Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Al-Sweih et al., 2012 (Fertile patients) 784 518 133 799 252 49 00% -0.03-0.36,0.29]

Al-Sweih etal, 2012 (Infertile patients) 7.86 4.86 9% 797 273 31 00% -0.02[-0.43,0.38]

Gdoura etal, 2007 762 03 102 757 021 18 00% 0417 -0.33,067]

Golshani etal, 2007 779 028 134 779 031 66 00% 0.00-0.28,0.29)

Huang etal, 2016 716 012 16200 7.9 009 1950 Not estimable

Leetal, 2022 713 032 319 716 035 61 00% -0.09[-0.37,0.18]

Liu etal, 2022a (Aftervs. before) 738 048 104 7 043 104 244% 0790051107 ——
Liuetal, 2022a (Vs. contral) 729 065 236 698 05 104 251% 0511[0.27,074] -

Liu etal,, 2022b (After vs. before) 1968 168 198 1776 12 198 253% 1.31[1.10,1.53] —
Liuetal, 2022b (Vs. control) 2016 194 198 1748 145 198 252% 1.56[1.34,1.79] —
Paira etal, 2023 76 008 55 765 013 14 00% -0.54 [1.13,0.06]

Xianchurn et al 2023 722 003 359 728 002 328 00%  -233}252,-214)

Zhang et al., 2020 (After vs. before) 766 059 70 766 079 70 00% 0.00-0.33,0.33)

Zhang etal,, 2020 (Vs. control) 77 044 200 763 063 95 00% 014-0.11,038)

Total (95% CI) 736 604 1000%  1.05[057,153] -
Heterogeneity Tau?= 0.23; Ch= 48.99, df=3 (° < 0.00001); F= 4% B e T
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Subgroup analysis (PCR studies)

Control w Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Random, 95% Ci v, Random, 95% CI
Al-Sweih et al., 2012 (Fertile patients) 784 518 133 799 252 49 168% -0.03-0.36, 0.29) -
Al-Sweih et al,, 2012 (Infertile patients) 786 486 9 797 273 31 167% -0.02[-0.43,0.38] -
Gdoura etal, 2007 762 03 102 757 021 18 165% 017 -0.33,067) T
Golshani etal, 2007 779 028 134 779 031 66 16.9% 0.00-0.28, 0.29) -+
Huang etal, 2016 716 012 16200 7.9 009 1951 Mot estimable
Leetal, 2022 713 032 319 716 035 61 00% -0.09(-0.37,0.18]
Liu etal,, 2022a (After vs. before) 738 048 104 7 048 104 00% 0.79[0.51,1.07]
Liuetal, 2022a (Vs. control) 729 065 236 698 05 104 00% 0.51[0.27,0.74]
Liu etal, 2022b (After vs. before) 1968 168 198 1776 12 198 00% 1.31[1.10,1.53]
Liu etal, 2022b (Vs. contral) 2016 194 198 1748 145 198 00% 1.56(1.34,1.79
Paira etal, 2023 76 008 55 765 013 14 162% -0.54 (1.13,0.06] |
Xianchum et al,, 2023 722 003 359 728 002 328 170% -2331252,-2.14) -
Zhang et al., 2020 (After vs. before) 7.66 059 70 766 079 70 00% 0.00-0.33,0.33)
Znang etal, 2020 (Vs. control) 77 044 200 763 063 95 00%  014(011,038)
Total (95% CI) 885 506 100.0%  -0.46[1.54,061] —~—_
Heferogeneity Tau= 1.77, Ch*= 303.74,df= 5 (P < 0.00001), = 88% —
Test for overall effect Z= 0.85 (P = 0.40)

Sensitivity analysis

Control w Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Random, 95% CI v, Random, 95% CI
Al-Sweih et al, 2012 (Fertile patients) 784 518 133 799 252 43 77% -0.03-0.36,0.29] -1
A-gwein etal, 2012 (Infertle patients) 786 485 95 707 273 31 76%  -002(0.43.038 —1
Gdoura etal, 20 762 03 102 757 021 18 75%  017F033,087) —_
Golshani etal, 2007 779 028 134 779 031 66 77% 0.00-0.28,0.29) T
Huang etal,, 2016 716 012 16200 719 009 1951 0.0% -0.26[-0.30,-0.21)
Leetal, 2022 713 032 319 716 035 61 77% -0.09[-0.37,0.18] -
Liu etal, 2022a (Aftervs. before) 738 048 104 7 048 104 77% 0790051107 —
Liuetal, 2022a (Vs. contral) 729 065 236 698 05 104 78% 0511[0.27,074] -
Liu etal,, 2022b (After vs. before) 1968 168 198 1776 12 198 78% 1.31[1.10,1.53] -
Liuetal, 2022b (Vs. control) 2016 194 198 1748 145 198 78% 1.56[1.34,1.79] -
Paira etal, 2023 76 008 55 765 013 14 74% 0.54 1.13,0.06] |
Xianchurn et al 2023 722 003 359 728 002 328 78%  -233(252,-214) —
Zhang et al., 2020 (After vs. before) 766 059 70 766 079 70 77% 0.00-0.33,0.33) T
Zhang etal,, 2020 (Vs. control) 77 044 200 763 063 95 78% 014-0.11,038) T
Total (95% C1) 2210 1336 100.0% 0.11[-0.57,0.80] ——
Heterogeneity: Tau®= 1.54; Chi*= 926.36, df= 12 (P « 0.00001); F = 99% _’2_‘1_—§_

Testfor overall eflect 2= 0.33 (P= 0.74)

Fig. 3 Effect of ureaplasma urealyticum on seminal fluid pH. UU: Ureaplasma urealyticum, SD: Standard deviation, Cl: confidence interval.
Meta-analysis was performed using a random-effect model. Data are shown as standardized mean difference and Confidence interval (Cl)

a significant heterogeneity was observed (I*’= 96%; X*
p< 0.00001). Publication bias was observed (S Fig. 4).
More so, subgroup analysis of the cross-sectional stud-
ies revealed that sperm total motility was significantly
lower in U. urealyticum-positive patients compared with
the controls (SMD 0.77 [95% CI: 0.46, 1.08] p < 0.00001)
but a significant heterogeneity was observed (I*= 96%;
X? p< 0.00001). Additionally, the subgroup analyses of
the culture-based studies (SMD 0.30 [95% CI: 0.00, 0.60]
p=0.05), PCR studies (SMD 2.82 [95% CI: 1.71, 3.94] p<
0.00001), and RDT studies (SMD 0.18 [95% CI: 0.01, 0.03]
p< 0.00001) demonstrated that U. wurealyticum signifi-
cantly reduced sperm total motility when compared with
the control, but there was significant heterogeneity (I*=
57%; X*> p= 0.07; I*= 98%; X> p< 0.00001; I>= 78%; X*
p=0.01 respectively). Furthermore, the sensitivity analy-
sis showed a significantly lower sperm total motility in I/,
urealyticum-positive patients when compared with the
controls (SMD 0.98 [95% CI: 0.58, 1.38] p < 0.00001) but a
significant heterogeneity was also observed (I*= 96%; X*
< 0.00001) (Fig. 5).

Sperm progressive motility

Meta-analysis of 20 studies from 14 articles that consisted
of 20, 526 controls and 4, 853 U. urealyticum-positive
subjects revealed that U. urealyticum did not significantly

alter sperm progressive motility when compared with the
controls (SMD — 0.09 [95% CI: — 0.37, 0.18] p= 0.50) and
a significant heterogeneity was observed (I*= 98%; X* p <
0.00001). Publication bias was also observed (S Fig. 5).
Moreso, the subgroup analysis of the cross-sectional
studies revealed no significant difference in sperm pro-
gressive motility among U. urealyticum-positive subjects
when compared with the controls (SMD — 0.21 [95% CI:
—0.52, 0.09] p= 0.17) and a significant heterogeneity was
observed (I*= 98%; X* p < 0.00001). Similarly, sperm pro-
gressive motility did not significantly change after treat-
ment in U. urealyticum-infected subjects when compared
with before treatment (SMD 0.55 [95% CI: — 0.18, 1.28]
p= 0.14) and a significant heterogeneity was observed
(I*= 95%; X* p < 0.00001). More so, subgroup analyses of
the culture-based studies (SMD — 0.74 [95% CI. — 1.92,
0.45] p= 0.22) and PCR studies (SMD 0.14 [95% CI: —
0.20, 0.47] p= 0.42) showed that U. urealyticum did not
significantly affect sperm progressive motility and there
was significant heterogeneity (I>= 99%; X* p< 0.00001;
2= 90%; X* p < 0.00001 respectively). However, subgroup
analysis of RDT studies showed a reduction of affect
sperm progressive motility in U. wurealyticum-infected
individuals when compared with the control (SMD 0.18
[95% CI: 0.00, 0.36] p= 0.05) (I’= 81%; X*> p= 0.005).
Additionally, sensitivity analysis also revealed that UL
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Fig. 4 Effect of ureaplasma urealyticum on sperm concentration. UU: Ureaplasma urealyticum, SD: Standard deviation, C

oos

10004

o10[001,019]
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Subgroup analysis (RDT studies)
Control Std. Mean Difference $td. Mean Difference
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‘Aghazarian etal, 2024 11604 1634 [ECH] 00%  056(003,115)
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Liuetal, 2014 (Ferile) 7075 4546 60.06 153 58% 024[0.05,042] —
Liu etal, 2014 (infertie) 303 3853 2323 165 61% 019(0.01,037] —
Liu et al, 2022a (Afler vs. before) 5952 379 59.14 104 00%  010(017,037]
Liu etal, 2022a (Vs control) 599 474 599 104 00%  0.00(023,023
Liu etal, 2022b (Afler vs. before) 444 672 4392 198 00%  007(012,027]
Liu etal, 2022b (Vs control) 4445 6.09 4345 198 00%  015(004,035]
Morett et al, 2009 1909 1026 123 8 00% 057002115
Paira etal, 2023 9388 7052 1349 14 00%  -055(1.14,004
y 2008 3821 9.08 6 6 00% 363 (257, 4.69]
Peerayeh et al, 2008 (with varicocele) 2912 656 1343 17 00% 206 [1.43,2.69]
Pendas etal, 201 19 147 189 3¢ 00%  0.01F0.38,040)
Qing etal, 2017 569 3450 505 1418 00% 0.18[0.11,0.26]
Xianchum etal, 2023 7388 2508 6752 328 00% 0.22[0.07,037]
Zelghani etal,, 2007 925 662 2983 12 00% 7.05(594,8.17]
Zelghani etal, 2009 925 662 2983 12 00% 7.05(5.94,8.17]
Zhang etal, 2020 (Afer vs. before) 641 4064 609 70 00%  0.07F0.27,040)
Zhang etal, 2020 (vs. control) 6234 3253 5991 9 00% 006018031
Total (95% CI) 2269 1000%  0.10[0.06,0.15]
Heterogeneity: Chi*=3.32,df= 2 (P = 0.19); = 40%
Testfor overall effect Z= 465 (P < 0.00001)
Sensitivity analysis
ontrol w Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean  SD Total Weight _IV,Random. 95%Cl 1V, Random, 95% C
‘Aghazarian etal, 2024 11604 1634 20 4393 9338 27 056(003,1.15] 7
Ar-Sweih etal., 2012 (Fertle patients) 822 59302 139 7312 34055 149 44%  0020021,025]
A-Sweih etal., 2012 (Infertie patients) 473 1196331 96 2082 33239 31 39%  0020038,043
Andrade-Rocha, 2003 (High coun) 921 971 120 805 706 48 41%  013(021,046]
Andrade-Rocha, 2003 (Low count) 921 971 120 808 78 66 42% 0120018042
Baietal, 2021 68.21 566 108 4182 2845 17 36%  04700.04,099
Gdoura etal, 2007 5099 6403 102 3415 3733 18 36%  0.27[023,07g
Golshani et al, 2007 7798 3085 134 5436 2853 66  42% 0.78(0.48,1.08]
Huang etal, 2016 5543 3605 16200 5216 3887 1951  0.0% 0.09[0.04,0.14]
Leetal, 2022 30.42 164 319 3196 1541 61 43%  -000(037,018 —_—
Liu etal, 2014 (Fertle) 7075 4546 462 600G 4284 153  45% 0.24[0.05,0.42] —
Liu etal, 2014 (nfertile) 3036 3853 456 2323 3336 165 45% 019[0.01,037] —
Liu etal, 2022a (Aler vs. before) 5952 379 104 5914 379 104 43%  010(017,037] —1
Liu etal, 2022a (Vs. control) 509 474 23 509 365 104 44% 0000023023 —
Liu etal, 2022b (After vs. before) 444 672 198 4302 624 198 44%  0.07(012,027] o
Liu etal, 20220 (V. control) 44.45 609 198 4345 68 108 44%  01500.04,035 T
Morett et al, 2009 1908 1026 20 1123 1558 28 34%  057(002,115 ———
Paira etal, 2023 9388 7052 55 1349 8587 14 34% 0550114004 &
Peerayeh etal, 2008 (withoutvaricocele)  38.21 908 59 % 6 21% 363[257,4.69) ¢
Peerayeh et al, 2008 (with varicocele) 2912 656 64 1343 1055 17 33% 206 [1.43,269) v
Pendas etal, 2013 147 100 189 175 34 40%  0.01(038,040] —
Qing etal, 2017 569 3454 1189 505 3489 1418 46% 0.18[0.11,0.26] —
Xanchum etal, 2023 7388 2500 350 6752 3315 318 45% 0.22(0.07,037) —
Zelghani etal., 2007 925 662 100 2083 1961 12 20% 7.05(594,8.17] »
Zelghani etal., 2009 925 662 100 2083 1961 12 20% 7.05(594,8.17] »
Zhang etal, 2020 (Afler vs. before) 641 4064 70 609 544 70 41%  007(027,040) R
Zhang etal, 2020 (Vs control) 6234 3253 200 5091 5088 95 44% 0060018031 B
Total (95% CI) 3439 1000%  057[0.36,078) -
F= s
Heterogenety: Tau* = 0.24; Chi*= 405,06, o o s

Testfor overall effect: 2= 5.36 (P < 0.00001)

: confidence interval.

Meta-analysis was performed using a random-effect model when p-value <0.1 or 12> 50%; otherwise, a fixed-model effect is used. Data are shown

as standardized mean difference and Confidence interval (Cl)

urealyticum did not significantly alter sperm progressive
motility (SMD — 0.16 [95% CI: — 0.61, 0.29] p= 0.48) and
a significant heterogeneity was observed (I*= 98%; X* p <

0.00001) (Fig. 6).

Total motile sperm count

Three studies from 2 articles, including 17, 118 con-
trols and 2, 269 U. urealyticum-positive subjects, were
included. U. wurealyticum significantly reduced total

motile sperm count when compared with the control
(SMD 0.21 [95% CI: 0.17, 0.26] p< 0.00001) and there
was no significant heterogeneity (I>= 14%; X> p= 0.31).

There was also no publication bias (S Fig. 6). Sensitivity
analysis also demonstrated a significantly reduced total
motile sperm count in U. urealyticum-positive subjects

when compared with the control (SMD 0.20 [95% CL
0.00, 0.39] p= 0.04); however, significant heterogeneity
was observed (I*= 55%; X* p= 0.13) (Fig. 7).
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Control w 1o 1
Study or Subgroup Mean _ SD Tolal Mean SD Total Weight _IV.Random, 95% CI V. Random, 95% C1
Aghazarian etal, 2024 5802 3283 20 3208 4691 061002,121] —
A-Sweih etal, 2012 (Fertle pationtsy  57.76 19358 133 5255 126 49 57%  003(030,038]

A-Swelh etal, 2012 (Infertle patients) 245 19008 96 2302 103 31 55%  001(040,041]
Andrae-Rocha, 2003 (High count) 332 178 120 324 151 49 56%  0050023,038 -
Andrade-Rocha, 2003 (Low coun) 332 178 120 233 18 66 57% 055025086 —
Bai etal, 2021 3879 2487 108 3567 2041 17 51%  012£039.064) -
Gdoura et al, 2007 3016 1353 102 3143 1323 16 52%  -009F059,041)
Huang etal, 2016 4727 1471 16200 4291 1905 1951 B1%  0.20(024,033)
L et al, 2014 (Fertle) 6811 837 462 6603 821 153 50%  001(017,019)
U etal 2014 (fertie) 03 3853 456 2023 3336 165 60%  0.19(001,037)
Moret et al 2009 466 125 20 242 602 26 49%  047F011,108
Palastal, 2023 4938 1451 55 4684 1744 14 49%  000F05E.059)
Pesiapeli slal, 2008 (vilioulvaricucele) 1740 187 53 1083 43 8 30% 2030191380 -+
Peerayeh etal, 2008 (wihvarcocele) 2057 322 64 2416 764 17 50%  -079F134,-024] —
Pendas etal, 2013 144 83 84 137 79 28 54%  008034,050 -
ianchum et al, 2023 4720 912 350 404 1307 326 60%  061[046,076) -
Zeighani et al, 2007 3301 039 100 1799 437 12 15% 1459[1256,1563) :
Zeighani et al, 2009 301 039 100 1799 437 12 15% 1659012561563 4
Znang et al, 2020 (Afer vs. before) 3802 2003 70 3141 381 70 56% 02300100561 —
Znang et al, 2020 (v coriro) 4947 2352 200 3092 3838 95 58%  064(039,088) —
Total (95% CI) 18944 3136 1000% 0.73[043,1.02) >
Heterogenelty. Tau? = 0,37 Chi*= 470.52, df= 19 (P < 0.00001); F= 96% 4
Testfor overal effet Z= 486 (P < 0.00001)
Subgroup analysis (cross-sectional studies)
Control w 1o 1
Study or Subgroup Mean _ SD Tolal Mean S Total Weight _IV.Random, 95% CI V. Random, 95% C1
Aghazarian etal, 2024 5802 3283 20 3208 4691 061002,121]
A-Sweih etal, 2012 Ferlopationls)  57.76 19358 139 5255 126 49 60%  003F030,035)
A-Swelh etal, 2012 (Inertle patients) 245 19008 96 2302 103 31 58%  001(040,041]
Andrae-Rocha, 2003 (High count) 332 178 120 324 151 49 60%  0050023,038 -
Andrade-Rocha, 2003 (Low coun) 332 178 120 233 18 66 60% 0550025086 —
Bai etal, 2021 3879 2487 108 3567 2041 17 54%  012F039.064] -
Gdoura et al, 2007 3016 1353 102 3143 1323 16 55%  -009F059,041)
Huang etal, 2016 4727 1471 16200 4291 1905 1951 64%  0.20(024,033) -
L et al, 2014 (Fertle) 6811 837 462 6603 821 153 63%  001(017,019) 1
U etal 2014 (fertie) 03 3853 456 2323 3336 165 6% 0.19(001,037) ~
Moret et al 2009 466 125 20 242 602 26 52% 047011108 —
Parastal, 2023 4938 1451 55 4684 1744 14 52%  000F05E.059) -1
Peerayeh etal, 2008 (withoutvaricocele) 1746 187 59 1083 43 6 39% 2090191389 _—
Peerayeh etal, 2008 (wihvarcocele) 2057 322 64 2416 764 17 53%  -079F134,-024 —
Pendas etal, 2013 144 83 84 137 79 28 57% 008034050 -
ianchum et al, 2023 4720 912 350 404 1307 326 63%  061[046,075)
Zeighani et al, 2007 3301 039 100 1799 437 12 17% 1459[1256,1563)
Zeighani et al, 2009 301 039 100 1799 437 12 17% 1659[1256,1563)
Znang et al, 2020 (Afer vs. before) 302 2003 70 3141 381 70 00% 0230010056
Znang et al, 2020 (v coriro) 4947 2352 200 3092 3838 95 62%  064(039,088)
Total(95% C1) 18874 3066 1000%  0.77(045,1.08]
Heterogenelly. Tau* = 0.39; Chi*= 470,37, df= 18 (P < 0.00001); = 86%
Testfor overal effect. Z= 431 (P < 0.00001)
Subgroup analysis (Culture-based studies)
Control w
Study or Subgroup Mean _ SD Tolal Mean S Tolal Weight _IV.Random, 95% CI

Aghazarian etal, 2024 5802 3283 20 3208 4691 27 164%  061(002,121)
A-Swelheial, 2012 (erllepalionis)  57.76 19358 139 5255 126 49 00%  003+030.033)

A-Sweih etal, 2012 (Infertle patients) 245 19008 96 2302 103 31 00%  001(040,041)

Andrade-Rocha, 2003 (High coun) 332 178 120 324 151 49 201%  0050028,038 —+—
Andrate-Rochs, 2003 (Low court) 332 178 120 233 18 66 07% 085025006 —-—
Bai etal, 2021 3879 2487 108 3567 2441 17 00%  012F039064)

Gdoura et al, 2007 3016 1353 102 3143 1323 16 00%  -009£059,041)
Huang etal, 2016 4727 1471 16200 4291 1305 1951 Notestimable
L et al, 2014 (Fertle) 6811 837 452 6603 821 153 00%  001£017,019
Lu etal, 2014 (nfertie) 036 3853 456 2323 3336 165 00%  019[001,037)
Moret et al, 2009 466 125 20 242 802 28 00% 047011108
Pairaetal, 2023 4935 1451 55 4664 1744 14 00%  000F056,059)
Peerayeh etal, 2008 (wihoutvaricocele) 1746 187 50 1083 49 6 00% 2890191388
Peerayeh etal, 2008 (wihvaricocele) 2057 322 64 2416 764 17 00%  -079F134,-024]
Pendas otal, 2013 144 83 84 137 79 28 238%  008-034,050 -

Xianchum et al, 2023 4721 912 350 404 1307 328 00%  061[046,076)

Zeighani et al, 2007 3001 039 100 1799 437 12 00% 1459[1256,1563)

Zeighani etal, 2000 3301 039 100 1799 437 12 00% 1459(1256,1563)

Znang etal, 2020 (Ater vs. before) 3802 2003 70 341 3B 70 00%  023¢010,058)

Znang etal 2020 (vs. cortro 4947 2352 200 3092 3833 95 00%  064[039,088)

Total (95% C1) 170 100.0% 030 [0.00, 0.60) >
Heterogenely. Tau = 0.05; Chi*= 6.95, 6= (P = 0.07; —
Testfor overal eflet Z= 1.98 (P = 0.05)

Subgroup analysis (PCR studies)

Control w o

Study or Subgroup Mean SO Tolal Mean S Tolal Weight _IV.Random, 95% CI
Aghazarian etal, 2024 5802 3283 20 3208 4691 27 00%  061(002,121)
A-Swelheial, 2012 (erllepalionis)  57.76 19358 139 5255 126 49 120%  003+030.033)

A-Sweih etal, 2012 (Infertle patients) 245 19008 96 2302 103 31 120%  001(040,041) 1
Andrade-Rocha, 2003 (High coun) 332 178 120 324 151 49 00%  005002,038
Andrate-Rochs, 2003 (Low court) 332 178 120 233 18 66 00% 055025006
Bai etal, 2021 3879 2487 108 3567 2441 17 00%  012F039064)

Gdoura et al, 2007 3016 1353 102 3143 1323 16 119%  -009£059,041] B
Huang etal, 2016 4727 1471 16200 4291 1305 1951 Notestimable
L et al, 2014 (Fertle) 6811 837 452 6603 821 153 00%  001£017,019
Lu etal, 2014 (nfertie) 036 3853 456 2323 3336 165 00%  019[001,037)

Moret et al, 2009 466 125 20 242 802 28 00% 047011108
Pairaetal, 2023 4935 1451 55 4664 1744 14 118%  000F056,059) T
Peerayeh etal, 2008 (wihoutvaricocele) 1746 187 50 1083 43 6 111%  289(191.388 -
Peerayeh etal, 2008 (wihvaricocele) 2057 322 64 2416 764 17 118%  -079F134,-024] -

Pendas otal, 2013 144 83 84 137 79 28 00% 008034050
Xianchum et al, 2023 4721 912 350 404 1307 328 121%  061[046,076) -
Zeighani et al, 2007 3001 039 100 1799 437 12 67% 1459[1256,1663) »
Zeighani etal, 2000 3301 039 100 1709 437 12 87% 1459[1256,1563) 4
Znang etal, 2020 (Ater vs. before) 3802 2003 70 341 361 70 00%  023¢010,058)

Znang etal 2020 (vs. cortro 4947 2352 200 3092 3833 95 00%  064[039,088)

Total 95% C1) 1074 487 1000  2820171,394
Heterogeneiy. Tau" = 2.66; Chi*= 435.69,df= § (° < 0.00001); F= 98%

Testfor overall eflect Z= 4.95 (P < 0.00001)
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Subgroup analysis (RDT studies)

Control w td .
Study or Subgroup Mean __SD Total Mean _SD Total Weight _IV.Random, 95%Cl IV, Random, 95% CI
‘Aghazarian etal, 2024 5802 3283 20 3208 4891 27 00% 061(002,121]

A-Sweinetal, 2012 Fertle patients) 5776 19358 139 5255 126 49 00%  003(030,03%)

A-Swein etal, 2012 (Inferfile patients) 245 19008 95 2302 103 31 00%  001[040,041)

‘Andrade-Rocha, 2003 (High count) 332 178 120 324 151 43 00%  0.0500.29,03§

Andrade-Rocha, 2003 (Low count) 332 178 120 233 18 66 00% 055 [0.25,086]

Baietal, 2021 3879 2487 108 3567 2441 17 00%  01200.39,064]

Gdoura et al, 2007 3016 1353 102 3143 1323 18 00%  -0.09-0.59,041]

Huang etal, 2016 4727 1471 16200 4291 1305 1951 424% 029[024,0.33] -
Liuetal, 2014 (Fertle) 6811 837 462 6803 821 153 285%  001(017,019] -
Liu etal, 2014 (nfertie) 3036 3853 456 2323 3336 165 200% 013(001,037) -
Morett e al, 2009 466 125 20 242 602 28 00%  047(011,105

Pairaetal., 2023 4998 1451 55 4664 1714 14 00% 000058059

Peerayeh etal, 2008 (withoutvaricocele) 1746 187 50 1083 43 6 00% 289(1.91,3.88)

Peerayeh etal, 2008 (withvaricocele) 2067 322 B4 2416 754 17 00%  -073f13

Pendas stal, 2013 144 88 94 137 79 28 00%  0.08-0.34,050)

Xianchum etal, 2023 4721 912 350 404 1307 328 00% 051 (0.46,076]

Zeighani et al, 2007 3901 039 100 17.99 437 12 00% 1458(1256,1663

Zeighani et al, 2000 3901 039 100 17.99 437 12 00% 1459[1256,1663]

Znang etal, 2020 (Afer vs. before) 3802 2003 70 3141 3481 70 00%  023-0.10,056]

Znang etal, 2020 (Vs. control) 4947 2352 200 3097 3839 9 00% 064039,088)

Total (95% C1) 17118 2269 1000%  0.18[0.01,034]

Heterogeneity 02,ChP=8.03,0r=2 (P=0.01); F= 78%

Tawr=
Testfor overall eflect Z= 2.13 (P = 0.03)

Sensitivity analysis

Control w
Study or Subgroup Mean _ SD Total Mean _ SD Total Weight

‘Aghazarian etal, 2024 5802 3283 20 3208 4691 27 53% 061(002,121]
ALSwelnetal, 2012 (Fertle patients) 5776 19358 133 5255 126 49 58%  003(030,03%)
A-Swein etal, 2012 (Infertile patients) 245 19008 96 2302 103 31 §7%  0.010040,041)
‘Andrade-Rocha, 2003 (High count) 332 178 120 324 151 43 58%  0.050029,03§
Andrade-Rocha, 2003 (Low count) 332 178 120 233 18 66 5% 055 [0.25,0.86]
Bai etal, 2021 3879 2487 108 3567 2441 17 55%  01200.39,064]
Gdoura et al, 2007 3016 1353 102 3143 1323 18 55%  -0.090.59,041]
Huang etal, 2016 4727 1471 16200 4291 1905 1951  00% 029(024,033)
Liuetal, 2014 (Fertie) 6811 837 462 6803 821 153 60%  0.01(0.17,019
L etal, 2014 (nfertie) 3036 3853 456 2323 3336 165  60% 019[001,037)
Morett et al, 2008 466 125 20 242 802 28 S4%  047(011,108
Paira etal., 2023 4998 1451 55 4664 1714 14 53% 000058059
Peerayeh etal, 2008 (withoutvaricocele) 1746 187 59 1083 4 6 44% 289[1.91,38
Peerayeh etal, 2008 (withvaricocele) 2057 322 64 2416 7B4 17  54%  -079[1.3
Pendas etal, 2013 144 89 94 137 79 28 57%  0.08{0.34,050]
Xianchum st al, 2023 4721 912 350 404 1307 328 60% 0561 [046,0.76]
Zeighani et al, 2007 3901 039 100 17.99 437 12 24% 1450[1256,1663]
Zeighani et al, 2009 3901 039 100 1799 437 12 24% 1459(1256,1663]
Znang etal, 2020 (Afer vs. before) 3802 2003 70 3141 3481 70 58%  0.23(0.10,056]
Znang etal, 2020 (Vs. control) 4947 2352 200 3092 3838 05 59% 064(039,088)

Total (95% CI)
Heterogeneity: Tau*= 0.70; ChP = 469.72, of= 18 (P < 0.00001);
Testfor overall eflect Z= 4.76 (P < 0.00001)

185 1000%  098[0.58,1.38]

Fig. 5 Effect of ureaplasma urealyticum on sperm total motility. UU: Ureaplasma urealyticum, SD: Standard deviation, Cl: confidence interval.
Meta-analysis was performed using a random-effect model. Data are shown as standardized mean difference and Confidence interval (Cl)

Sperm vitality

Ten studies from 7 articles consisting of 1, 889 con-
trols and 632 U. wurealyticum-infected subjects were
adjudged eligible for inclusion. U. urealyticum infec-
tion did not significantly alter sperm vitality when com-
pared with the controls (SMD — 0.14 [95% CI: — 0.72,
0.44] p= 0.64) and there was a significant heteroge-
neity (I>= 97%; X*> p< 0.00001). Publication bias was
also observed (S Fig. 7). The subgroup analyses of the
culture-based studies (SMD 0.20 [95% CI: — 0.01, 0.41]

p=0.06) and PCR studies (SMD — 0.07 [95% CI: — 0.24,
0.10] p= 0.42) showed that U. urealyticum did not sig-
nificantly affect sperm vitality and there was no signifi-
cant heterogeneity (I*= 0%; X? p= 0.62; I’= 0%; X> p=
0.90 respectively). More so, sensitivity analysis revealed
that U. urealyticum-infected subjects had a compara-
ble sperm vitality with U. wurealyticum-negative sub-
jects SMD — 0.18 [95% CI: — 0.84, 0.49] p= 0.60) and
there was a significant heterogeneity (I>= 97%; X* p<
0.00001) (Fig. 8).
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Control w Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean _ SD Total Mean _SD Total Weight _IV.Random,95%Ci 5% C
‘Aghazanian et al, 2024 5149 3023 20 2795 282 27 0610.02,120]
A-Swein etal, 2012 (Fertle patients) 418 22788 139 3799 12943 49 002031034
A-Sweih etal, 2012 (infertie patients) 1371 5676 95 11.41 9075 31 003037, 0.44)
Andrade-Rocha, 2003 (High court) 142 129 120 127 106 48 012}021,048)
Andrade-Rocha, 2003 (Low count) 142 129 120 145 128 66 -0.02§032,028)
Baletal, 2021 3188 1981 108 3143 2004 17 0.02(049,053
Gdoura etal, 2007 967 828 102 1173 1056 18 -0.24 £0.75,0.26)
Golshani etal, 2007 1182 780 134 414 212 66 1.19[087,151]
Huang etal, 2016 2877 135 16200 2455 1381 1851 0310.26,036]
Leetal, 2022 2847 148 39 3138 1451 61 -020047,0.08]
Liu etal, 2014 (Fertile) 6104 780 462 6083 821 153 0.03016,021]
Liu etal, 2014 (infertle) 202 1774 45 174 1673 165 016 002,034
Uiu el al, 20224 (et vs. betore) 0483 341 104 5952 454 104 13211.02,162)
Liu etal, 2022a (vs. control) 2356 474 236 598 438 104 -7834846,-719] ¢
Liu etal, 2022 (Afervs. before) 492 520 198 4824 624 198 047 0.03,036)
Liu etal, 20220 (vs. control) 4955 534 198 4785 655 198 0.28[0.09,048]
Paira etal, 2023 3183 1363 55 205 1362 14 017(0.42,076)
Qing etal, 2017 2120 2145 1183 218 2143 1418 -003F0.11,005]
Zhang etal, 2020 (Afer vs. before) 2574 2384 70 2116 2876 70 017 016,050
Zhang etal, 2020 (vs. contral) 3585 252 200 21 2035 95 0560.31,081]
Total (95% CI) 20526 4853 1000%  -0.09[0.37,0.18)

Heterogenelty. Tau = 0.36, ChP = 780,57, df= 19 (P < 0.00001);
Testfor overall efect: Z= 067 (P = 0.50)

Subgroup analysis (cross-sectional studies)

Control w Std. Mean Difference Std. Mean Difference
Study or Subgroup _ Mean _ SD Total Mean __SD Total Weight _IV.Random,95%CI IV, Random, 95% C1
Aghazarian et al 2024 5149 3023 20 2795 4282 27 62% 0510.02,120]

A-Swelhetal, 2012 (Fertlepatients) 418 22782 130 37.09 12043 49 60%  0.02F0.31,034) -1
ASweih etal, 2012 (Inferle patients) 1371 5976 96 11.41 9075 31 §8% 003037044 —_1
Anirade-Rocha, 2003 (High count) 142 128 120 127 106 48 60%  012[021,046] T
Andrade-Racha, 2003 (Low count) 142 120 120 145 128 66 61%  -002(032,028] -1

Bai etal, 2 3188 1981 108 3143 2004 17 54%  002[040,053 —t
Gdoura etal, 2007 967 828 102 1179 1056 18 65%  -0.24(0.75,026 —
Golshani etal, 2007 1182 780 134 414 212 66 6.0% 1.19[087,151] —
Huang etal, 2016 2877 135 16200 2455 1391 1851  6.4% 0310.26,036] -
Leetal, 2022 2847 148 319 3138 1451 61 61%  -020[0.47,008]

Liu etal, 2014 (Fertle) 6104 780 462 6083 821 153 63%  003[0.16,021]

Liu etal, 2014 (infertte) 202 1774 456 174 1670 165 63% 0160002034 —

Liu etal, 2022a (Aftervs. before) 6483 341 104 5952 454 104 0.0% 1.32(1.02,167]

Liu etal, 2022a (vs. control) 2356 474 236 599 438 104 50% 7830846719 ¢

Liu etal, 2022b (Afervs. before) 482 520 108 4824 624 198 00%  0170003,036

Liu etal, 20220 (vs. control) 4955 534 198 4785 655 199 6.3% 0.280.09,0.48] —
Paira etal, 2023 3183 1383 55 205 1362 14 52%  017(0.42,076] —_1T
Qing etal, 2017 2129 2145 1188 218 2143 1418 64%  -003[0.11,005] T

Zhang etal, 2020 (Afervs. before) 2574 2384 70 2116 2876 70 00%  017[016,050]

Zhang etal, 2020 (Vs. contral) 385 262 200 21 2035 95 62% 056[0.31,081] —_
Total (95% CI) 20154 4481 100.0%  -021(.0.52,009]

Heterogensity. Tau" = 0.37, Chi*
Testfor overall efect. Z= 138 (P

Subgroup analysis (longitudinal studies)

Con w st Moan irence Std. Mean Difference
Study or Subgroup Mean “'SD _Toal Mean 5 Totl Weight " I, Random G5 andom, 95% CI
Aghazarian etal, 2024 5143 3023 20 2795 4282 27 00% 061 [nnz‘w 20
AlSweih etal, 2012 Fertlepatients) 418 22789 133 3799 12943 43 00%  002F031,034)

Al-Sweih etal, 2012 (Infertile patients) 1371 59.76 96 1141 9075 31 0.0% 0.03[0.37,0.44]

Andrade-Rocha, 2003 (High count) 142 128 120 127 106 48  00% 012[0.21,0.46]

Andrade-Rocha, 2003 (Low count) 142 129 120 145 128 66 00%  -002032.028)

Baietal, 2021 3188 1961 108 3143 2004 17 00% 0.02[-0.49,053]

Gdoura etal, 2007 967 828 102 1178 1056 18 0.0% -0.24 }0.75,0.26]

Golshani et al, 2007 182 789 13 414 212 66 00% 1190087151

Huang etal, 2016 2877 135 16200 2455 1381 1951 00% 0310026036

Leetal, 2022 2847 148 319 3138 1451 61 00% -0.20[0.47,0.08]

Liuetal, 2014 (Fertile) 61.04 789 462 6083 821 153 00% 003[0.16,021]

L et al 2014 (ifertle) 202 1774 4% 174 1673 165 00%  016£002,034)

Liu etal, 2022a (After vs. before) 6483 341 104 5952 454 104 331% 1.32[1.02,1.62) ——
Liu etal, 2022a (Vs. control) 2356 474 236 598 438 104 00% 783846,

Liu etal, 2022b (After vs. before) 492 520 198 4824 624 198 342% 017[0.03,0.36] el

Liu etal, 2022b (Vs. control) 4955 534 198 4785 655 198 00% 0.28(0.09, 0.48]

Palra etal, 2023 3183 1363 55 295 1362 14 00% 017[0.42,0.76]

Gingetal, 2017 2129 2145 1189 218 2143 1418 00%  -003(011,005]

Zhang et al., 2020 (After vs. before) 2574 2384 70 2116 2876 70 327% 017 [0.16,0.50] -

Zhang etal,, 2020 (Vs. control) 3585 252 200 21 2935 95 00% 0.56[0.31,0.81]

Total (95% CI) 372 372 1000%  055[0.18,1.28) T
Helerogeneiy Tau= 038, ChP = 42.72, 8= 2 (P < 0.00001), P = 85% s
Testfor overal eflect Z= 148 (P= 0.14)

Subgroup analysis (Culture-based studies)

Control w Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SO Total Mean SO Total We V. Random, 95% CI V. Random, 95% CI
‘Aghazarian etal, 2024 5149 3023 20 2795 4282 27 14.0% 051 (002,120 |
Al-Sweih et al., 2012 (Fertile patients) 418 22789 139 3799 12043 49 00% 0.02[0.31,034]
ALSweih etal, 2012 (infetle patients) 1371 5676 95 1141 9075 31 00%  003f037,044]
Andrade-Rocha, 2003 (High count) 142 129 120 127 106 48 144% 012[0.21,0.46]
Andrade-Rocha, 2003 (Low counf) 142 128 120 145 128 66 144% -0.020.32,0.28]
Baietal, 2021 3188 1961 108 3143 2004 17 00% 0.02[-0.49,053]
Gdoura etal, 2007 967 828 102 1178 1056 18 0.0% -0.24[0.75,0.26]
Golshanietal, 2007 182 769 13 414 212 66 00%  119[087.151)
Huang etal, 2016 2877 135 16200 2455 1391 1951 Notestimable
Leetal, 2022 2847 148 319 3138 1451 61 00% 0.20[-0.47,0.08]
L et al, 2014 Ferte) .04 780 462 5083 621 153 00%  003(0.16,0.21)
Liu et al 2014 nfertle) 202 1774 45 174 1673 165 00%  016£002,034)
Liu etal, 2022a (After vs. before) 6483 341 104 5952 454 104 144% 1.32[1.02,1.62) -
Liu etal, 2022a (Vs. control) 2356 474 236 99 438 104 139% 783[846,-7.19] ¢
Liu etal, 2022b (After vs. before) 492 520 198 4824 624 198 145% 0.17[-0.03,0.36] r
Liu etal, 2022b (Vs. control) 4955 534 198 4785 655 198 145% 0.28[0.09,0.48] ™
Paira etal, 2023 3183 1363 55 295 1362 14 00% 017[0.42,076]
Gingetal, 2017 2120 2145 1189 218 2143 1418 Notestimable
Znang et al,, 2020 (After vs. before) 2574 2384 70 2116 2876 70 0.0% 017 [0.16,0.50]
Zhang etal,, 2020 (Vs. control) 3585 252 200 21 2935 95 00% 0.56[0.31,0.81)
Total (95% CI) 996 745 100.0% 0.74[-1.92,0.45)

Heterogenety. Tau = 2.61; ChP = 668.80, df= 6 (P < 0.00001); = 99%
Testor overall eflect 2= 122 (P= 0.22)
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Subgroup analysis (PCR studies)

Control w .
Study or Subgroup Mean _SD Tolal Mean SO Total Weight _IV.Random,95%Ci

‘Aghazarian et al, 2024 5149 3023 20 2795 4282 27 00%  061(002,120)

A-Swelhetal, 2012 Fetlepationts) 418 22789 139 37.99 12043 4 149%  0.02(0.31,034) 1

ArSwein etal, 2012 (Inferle patents) 1371 5976 96 11.41 9075 31 138%  00300.37.044] -1
Andrade-Rocha, 2003 (High count) 142120 120 127 106 48 00% 0120021048

Andrade-Rocha, 2003 (Low count) 142 129 120 145 128 66 00% 0020032028

Baietal, 2021 3168 1961 108 3143 2004 17 00% 002049053

Gdoura étal, 2007 967 828 102 1179 1086 18 125%  -024}075,026)

Golshani etal, 2007 1182 76 136 414 212 86 150%  119[087,151] —
Huang etal, 2016 2877 135 16200 2455 1391 1951 Not estimable

Leetal. 2022 2847 148 318 3138 1451 61 155% 0200047008 —

Luetal, 2014 Fertic) 6104 780 4562 6083 821 153 00%  003[016,021]

Liu etal, 2014 (nferie) 202 1774 456 174 1679 165 00%  0.16[002,034)

Liuetal 2022 (Mervs. before) 6483 341 104 595 456 104 00% 1320102162

Liu etal, 2022a (vs. contro) 235 474 23 598 438 104 00%  -T83(845-T19)

Liuetal, 20225 (itervs. before) 492 520 198 4824 624 198 00% 070003036

Liu etal 20220 (vs. contro)) 4955 631 198 4785 655 198 00%  028(0.09,048]

Paira etal, 2023 383 1363 55 205 1362 14 113%  01700.42,078] —_1T

Qing etal, 2017 2129 2145 1189 218 2143 1418 171%  -003{011.005] «
Znangetal, 2020 (Atervs.before) 2574 2384 70 2116 2876 70 00%  047(0.16,050)

Znang etal 2020 (vs. control) 3|85 262 200 21 2835 8 00%  056[031.081]

Total (95% CI) 2034 1657 100.0%  0.14[-0.20,047) -
Heterogeneity. T Chi*=57.58, 6f= 6 (P < 0.00001); F= 90% b T " p—
Testor e et 2= 061 (= 047

Subgroup analysis (RDT studies)

Control w 1.
Study or Subgroup Mean  SD Total Mean _ SD Total Weight _IV,Random, 95%Cl

‘Aghazarian et al, 2024 5149 3023 20 2795 4282 27 00% 0.61(0.02,1.20]
Al-Sweinetal, 2012 (Fertile patients) ~ 41.8 227.89 138 37.99 12943 43 00% 0.0210.31,034]

Al-Sweih etal, 2012 (Infertie patients) 1371 5076 96 1141 9075 31  00% 0.03}0.37,044]

Andrade-Rocha, 2003 (High count) 142 128 120 127 106 48 00% 01210.21,046]

Anmauwnma Znﬂ3(Lw/counl) 142 129 120 145 128 86 00%  -002(032,028)

Baietal 3183 1961 108 3143 2004 17 00% 0.0210.49,053]

Gdnuvaelal zmn 967 828 102 1179 1056 18 00%  -024[075,026]

Golshani etal, 2007 1182 769 134 414 212 86 00% 1.19(0.87,151]

Huang etal., 2016 2877 135 16200 2455 1391 1951 407% 0.31(0.26,0.36] -
Leetal, 2022 2847 148 319 3138 1451 61 00%  -020(047,008)

Liuetal, 2014 Fertle) 6104 785 462 6083 821 153 20.4% 0.03}0.16,021] -,
Liuetal, 2014 (nfertile) 202 1774 456 174 1679 165 298% 0.1610.02,034] T
Liu etal, 2022a (Aer vs. before) 6483 341 104 5952 454 104 00% 132(1.02,162]

Liu etal, 2022 (V. control) 2356 474 236 599 438 104 00%  -783[845-7.9)

Liu etal, 2022 (After vs. before) 492 529 198 4824 624 198  00% 0.17 10.03,036]

Liu etal, 2022b (Vs. control) 4955 534 198 4785 655 198 00% 0.28[0.09,0.48]

Paira etal, 2023 3183 1363 55 295 1362 14 00% 017 10.42,0.76]

Qing etal, 2017 2129 2145 1189 219 2143 1418 00%  -003(011,005

Zhang etal., 2020 (Aftervs. before) 2574 2384 70 2116 2876 70 00% 0.17 10.16,050]

Zhang etal., 2020 (vs. control) 3585 252 200 21 2935 95 00% 0.56(0.31,081]

Total (95% CI) 0.18[0.00, 0.36] >
Heterogeneity. Tz (P=0005);F=81% 5 s T

Testor overal fiect 2= 1.87 (P 0.05)

Sensitivity analysis

Control w
Study or Subgroup _ Mean __SD Total Mean __SD Total Weight IV, Random,95%Cl
‘Aghazarian etal, 2024 5149 3023 20 2795 4282 27 63%  051(002,1.20]
AlSwelhetal, 2012 Fertiepatients) 418 22788 139 37.09 12643 49 58%  0.0200.31,034]
ALSweih etal, 2012 (Infertie patients) 1371 6076 96 1141 9075 31 55%  0.03(0.37,044]
Andrade-Roch, 2003 (High couri) 142 129 120 127 106 48 56%  0120021,0.46]
Andrade-Rocha, 2003 (Low coun) 142 128 120 145 128 66 S6% 0020032028
Baietal, 2021 3189 1961 108 3143 2004 17 54% 0020049053
Gdoura etal, 2007 967 828 102 1179 1056 18 54%  -020[075,026]
Golshani etal, 2007 1182 788 13 414 212 66 56% 119(087,151)
Huang etal, 2016 2877 135 16200 2455 1391 1951 00%  0.31[026,036]
Leetal, 2022 2847 148 319 3138 1451 61 57%  -020(0.47,0.08]
Liu etal, 2014 (Fertle) 6104 789 452 6083 821 153 57%  003[016,021]
Liu etal, 2014 (nfertie) 202 1774 456 174 1679 165 7%  0160002,034]
Liu etal, 2022a (Mervs. before) 6483 341 104 5952 454 104 56% 13201.02,162)
Liu etal, 2022a (Vs. control) 2356 474 23 599 438 104 52%  -7.83(8.46,-7.19 ¢
Liu etal, 2022b (Aer vs. before) 492 520 108 4824 624 198 7%  0170003,036
Liu etal, 20220 (Vs. control) 4955 534 193 4785 655 198 57%  0.28(009,0.45]
Paira etal, 2023 3183 1363 55 205 1362 14 53% 0170042076
Qing etal, 2017 2128 2145 1189 218 2143 1418 00%  -003[011.0.05]
Zhang etal, 2020 (Afervs. before) 2574 2384 70 2116 2876 70 56%  0170016,050
Zhang etal, 2020 (Vs. control) 3585 252 200 21 2035 95 7%  056(031,081]
Total (95% C1) 3137 046 (061,0.29]

Heterogenety. Tz chi
okl overa soct 22070 *®

3260, df= 17 (F <0.00001);
0.48)

Fig. 6 Effect of ureaplasma urealyticum on sperm progressive motility. UU: Ureaplasma urealyticum, SD: Standard deviation, Cl: confidence interval.
Meta-analysis was performed using a random-effect model. Data are shown as standardized mean difference and Confidence interval (Cl)

Sperm normal morphology
A total of 19 studies from 15 published articles con-
sisting of 19, 616 controls and 4, 395 U. urealyticum-
infected subjects were included to determine the effect
of U. urealyticum on sperm normal morphology. Sub-
jects who were U. urealyticum-infected had a signifi-
cantly lower sperm normal morphology compared with
the control (SMD 0.88 [95% CI: 0.42, 1.35] p= 0.0002)
and a significant heterogeneity was observed (I*= 99%;
p< 0.00001). Publication bias was also observed (S
Fig. 8). The subgroup analysis of the cross-sectional stud-
ies also revealed a significantly reduced sperm normal

morphology in U. wurealyticum-infected subjects when
compared with the controls (SMD 1.00 [95% CI: 0.49,
1.51] p= 0.0001) with a significant heterogeneity (I*=
99%; X> p< 0.00001). However, the subgroup analysis
of the longitudinal studies revealed a non-significantly
reduced sperm normal morphology in U. urealyticum-
infected subjects before treatment when compared with
after treatment (control) (SMD 0.18 [95% CI: — 0.03, 0.39]
p= 0.09) with no significant heterogeneity (I*°= 0%; X>
p=0.86). More so, the subgroup analysis of the culture-
based studies showed that U. urealyticum did not sig-
nificantly alter sperm normal morphology (SMD — 0.02
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Control uu Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl

Huang et al., 2016 98.86 79.99 16200 81.99 6881 1951 B81% 0.21[0.17, 0.26]

Liu et al., 2014 {Fertile) 22539 168.58 462 1777 13758 1483 58% 0.30([0.11,0.48]

Liu et al., 2014 {Infertile) 68.9 1041 456 5814 11709 165 6B1% 0.10[-0.08, 0.28] I

Total (95% CI) 17118 2269 100.0% 0.21[0.17, 0.26] <

Heterogeneity: Chi*= 232, df=2 {P=0.31); F=14% - } N } t }

Test for overall effect: £=9.40 (P = 0.00001) 02-01 0 01 02

Sensitivity analysis

Control uu Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Huang etal., 2016 98.86 79.99 16200 81.99 6881 1951 0.0% 0.21[0.17,0.26]

Liu et al., 2014 {Fertile) 22539 168.58 462 1777 13758 153 49.3% 0.30([0.11,0.48] ——

Liu et al., 2014 {Infertile) 68.9 1041 456 5814 11709 165 50.7% 0.10[-0.08, 0.28] —

Total (95% CI) 918 318 100.0% 0.20 [0.00, 0.39] ————

Heterogeneity: Tau®=0.01; Chi*= 2.24, df=1 (P=0.13); F=55% 0701 6 01 02

Testfor overall effect 2= 2.01 (P=0.04)

Fig. 7 Effect of ureaplasma urealyticum on total motile sperm count. UU: Ureaplasma urealyticum, SD: Standard deviation, Cl: confidence interval.
Meta-analysis was performed using a random-effect model when p-value <0.1 or 12> 50%; otherwise, a fixed-model effect is used. Data are shown

as standardized mean difference and Confidence interval (Cl)

[95% CI: — 0.15, 0.11] p= 0.73) and a significant hetero-
geneity was not observed (I*= 0%; X> p= 0.47), while the
subgroup analysis of the PCR-based studies showed that
U. urealyticum significantly reduced sperm normal mor-
phology (SMD 2.04 [95% CI: 1.24, 2.84] p< 0.00001) but
a significant heterogeneity was also observed (I>= 98%;
X? p< 0.00001). Notwithstanding, sensitivity analysis
demonstrated significantly reduced sperm normal mor-
phology in U. urealyticum-infected subjects when com-
pared with the controls (SMD 0.63 [95% CI: 0.26, 1.01]
p=0.0009) with a significant heterogeneity (I*= 97%; X>
< 0.00001) (Fig. 9).

Seminal fluid leukocyte count

Meta-analysis of six studies from 5 articles consisting
of 520 controls and 156 U. urealyticum-positive sub-
jects revealed a significantly higher seminal fluid leuco-
cyte count in U. urealyticum-positive subjects than U.
urealyticum-negative controls (SMD — 0.82 [95% CI:
— 1.61, — 0.02] p= 0.04) and a significant heterogene-
ity (I>= 94%; X* p< 0.00001). Publication bias was also
observed (S Fig. 9). Subgroup analysis of the PCR-based
studies showed that U. urealyticum did not significantly
alter seminal fluid leucocyte count (SMD — 0.92 [95%
CI: — 2.10, 0.26] p= 0.13) but a significant heterogeneity
was also observed (I*= 96%; X p< 0.00001). Sensitivity
analysis revealed an insignificantly higher seminal fluid
leucocyte count in U. urealyticum-positive subjects when
compared with the U. wurealyticum-negative controls
(SMD — 1.01 [95% CI: — 2.06, 0.04] p= 0.06) and a sig-
nificant heterogeneity (I>= 95%; X> p < 0.00001) (Fig. 10).

Seminal fluid IL- 6 levels

Two studies consisting of 75 controls and 41 U. urealyt-
icum-positive subjects were included. U. urealyticum-
positive subjects had an insignificantly higher level of
seminal fluid IL- 6 when compared with the control
(SMD — 2.31 [95% CI: — 5.64, 1.03] p= 0.18) and a sig-
nificant heterogeneity (I>= 97%; X> p < 0.00001) (Fig. 11).
Publication bias was also observed (S Fig. 10).

Qualitative analysis

Inflammatory markers

Paira et al.[11] revealed that subjects who were U. urea-
lyticum-positive had a significantly higher levels of IL- 8,
tumor necrotic factor-alpha (TNF-a), IL- 13, and IL- 6
when compared with U. urealyticum-negative subjects.
They also observed a higher level of peroxidase, leuko-
cytes, neutrophils, CD4 +T cells and CD8 +T cells in
U. urealyticum-positive subjects when compared with
their U. urealyticum-negative counterparts. In addition,
Liu et al. [18] demonstrated that seminal fluid elastase
was significantly higher in U. urealyticum-positive when
compared with U. urealyticum-negative subjects. They
also observed that seminal fluid elastase was significantly
higher in U. urealyticum-infected subjects before treat-
ment than after treatment. However, Zinzendorf et al.
[44]. observed an insignificant increase in leucocyte
count in U. wurealyticum-positive subjects when com-
pared with their U. urealyticum-negative counterparts.

Apoptotic markers
Qing et al. [40] revealed a higher sperm DNA fragmenta-
tion in U. urealyticum-positive subjects when compared
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Control uu Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Aghazarian etal, 2024 7379 2338 20 57.24 4745 27 9.5% 0.42[-0.17,1.00] =
Al-Bweih et al,, 2012 {Fertile patients) 6551 201.01 139 6475 1309 49 101% 0.00 [-0.32,0.33] I
Al-Sweih et al,, 2012 { Infertile patients) 336 24818 96 294 12638 3 10.0% 0.02 [-0.39,0.42] T
Andrade-Rocha, 2003 {High count) 55.8 17 120 543 1583 43 101% 0.09 [-0.24,0.43] -1
Andrade-Rocha, 2003 (Low count) 58.8 17 120 5438 18.3 66 10.2% 0.23 [-0.07,0.53] T
Gdoura et al., 2007 61.93 21 102 64 154 18 9.7% -0.10[-0.60, 0.40] I
Leetal, 2022 7073 235 319 7469 1976 61 10.2% -017 [0.45,010] I
Liu etal., 2014 (Fertile) 65.61 9.63 462 B84.33 781 153 103% -203F224,-181] ——
Liu etal., 2014 {Infertile) 36.47 2779 456 3063 2851 165 10.4% 0.21[0.03,0.39] ™
Pairaetal, 2023 8754 568 55 8736 589 14  95% 0.03 [-0.56, 0.63] —
Total (95% CI) 1889 632 100.0% 0.14 [-0.72, 0.44] ‘Q
Heterogeneity: Tau*= 0.84; Chi*= 310.07, df= 8 (P < 0.00001); F= 87% ‘2 1 5 1' é
Testfor overall effect: Z=0.47 (P = 0.64)

Subgroup analysis (Culture-based studies)

Control uu Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Aghazarian etal,, 2024 7379 2338 20 57.24 4745 27 12.8% 0.42[-0.17,1.00] -
Al-Sweih et al., 2012 (Fertile patients) 6551 201.01 139 6475 1309 49 0.0% 0.00 [-0.32,0.33]
Al-Sweih etal., 2012 { Infertile patients) 336 24818 96 294 12638 31 0.0% 0.02 [-0.39, 0.43]
Andrade-Rocha, 2003 {High count) 55.8 17 120 543 1583 48 39.0% 0.09 [-0.24,0.43] — -
Andrade-Rocha, 2003 {Low count) 58.8 17 120 5438 18.3 66 48.2% 0.23 [-0.07,0.53] T
Gdoura et al., 2007 61.93 21 102 64 15.4 18 0.0% -0.10 [-0.60, 0.40]
Le etal, 2022 7073 235 319 7469 1976 61 0.0% -0.17 [-0.45,0.10]
Liu etal,, 2014 (Fertile) 65.61 9.63 462 B84.33 781 153 0.0% -2.03[2.24,-1.81]
Liu et al., 2014 {Infertile) 36.47 2779 456 3063 2851 165 Mot estimable
Paira etal., 2023 87.54 5.68 55 87.36 599 14 0.0% 0.03 [-0.56, 0.62]
Total (95% CI) 260 141 100.0% 0.20 [-0.01, 0.41] .
Heterogeneity: Chi*= 0.97, df= 2 (P = 0.62); F= 0% t t

Testfor averall effect: Z=1.86 (P = 0.06)

Subgroup analysis (PCR studies)

Control uu Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Aghazarian etal., 2024 7379 2338 20 57.24 4745 27 0.0% 0.42 [0.17,1.00]
Al-Sweih et al,, 2012 {Fertile patients) 6551 201.01 139 6475 1309 49 26.4% 0.00[-0.32,0.33] . —
Al-Bweih et al,, 2012 { Infertile patients) 336 24818 96 294 12638 3M17T1% 0.02[-0.39,0.42] —
Andrade-Rocha, 2003 {High count) 55.8 17 120 543 18.3 48 0.0% 0.09[-0.24,043]
Andrade-Rocha, 2003 {Low count) 58.8 17 120 548 183 66 0.0% 0.23 [-0.07,0.53]
Gdoura etal., 2007 61.93 21 102 64 15.4 18 111% -0.10[-0.60, 0.40] e
Leetal, 2022 7073 235 319 7469 1976 61 37.2% -017 [0.45,010] —
Liu etal., 2014 (Fertile) 65.61 9.63 462 84.33 781 153 0.0% -2.03[F2.24,-1.81]
Liu et al., 2014 (Infertile) 36.47 2779 456 3063 2851 165 Mot estimable
Pairaetal, 2023 87.54 568 55 87.36 599 14 B81% 0.03 [-0.56, 0.63]
Total (95% CI) M1 173 100.0% -0.07 [-0.24, 0.10] *

Heterogeneity: Chi*=1.05, df=4 (P =0.80), F= 0%

o4
L=}
w
L=l
o
w

Test for overall effect: Z=0.80 (P = 0.42)
Sensitivity analysis

Control uu Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Aghazarian etal,, 2024 7379 2338 20 57.24 4745 27 106% 0.42[-0.17,1.00] =
Al-Sweih et al,, 2012 {Fertile patients) 6551 201.01 139 6475 1309 49 11.3% 0.00 [-0.32,0.33) s
Al-Sweih et al,, 2012 { Infertile patients) 336 24818 96 294 12638 3MO1MA% 0.02 [-0.39,0.42] e
Andrade-Rocha, 2003 {High count) 55.8 17 120 543 158.3 48 11.3% 0.09 [-0.24,0.43] -
Andrade-Rocha, 2003 (Low count) 58.8 17 120 548 18.3 B 11.3% 0.23 [-0.07,0.53] T
Gdoura et al., 2007 61.93 21 102 64 154 18 10.9% -0.10 [-0.60, 0.40] B
Leetal, 2022 7073 235 319 7469 1976 61 11.4% -0.17 [-0.45,0.10] T
Liu etal., 2014 (Fertile) 65.61 9.63 462 8433 781 153 11.5% -203F224,-181] ——
Liu et al., 2014 {Infertile) 36.47 2779 456 3063 2851 165 0.0% 0.21[0.03,0.39]
Pairaetal., 2023 87.54 568 55 87.36 599 14 106% 0.03 [-0.56, 0.62] B
Total (95% CI) 1433 467 100.0% -0.18 [-0.84, 0.49] ’
Heterogeneity: Tau®= 0.99; Chi*= 264.06, df= 8 (P = 0.00001); F=97% _52 51 b 15 é

Testfor averall effect: Z=0.52 (P = 0.60)
Fig. 8 Effect of ureaplasma urealyticum on sperm vitality. UU: Ureaplasma urealyticum, SD: Standard deviation, Cl: confidence interval. Meta-analysis
was performed using a random-effect model. Data are shown as standardized mean difference and Confidence interval (Cl)
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Control w S1d. Mean Difference Std. Mean Difference

Study or Subgroup. Mean D _Total Mean SO Total Weight _IV.Random, 95%Cl IV, Random, 95% C1

‘Aghazarian etal, 2024 1388 1599 20 907 1661 27 66% 0200029087 —

‘Andrade-Rocha, 2003 (High count) 246 152 120 264 155 48 59% 012045022

Andrade-Rocha, 2003 (Low coun) 246 152 120 274 157 66 60%  -0.18(048,012) =

Baietal, 2021 51 278 108 474 218 17 57%  013{038,064]

Gdoura étal, 2007 1405 1232 102 1007 747 18 57%  034(017,084] —

Huang etal, 2016 679 172 16200 438 152 1951 61% 1420137147 -

Leetal, 2022 406 550 319 397 258 61 60% 0020026029 T

Liu et al, 2022a (Afervs. before) 3298 454 104 3222 456 104 60%  OATEOM1,044) T

Liu etal, 2022a (Vs. control) 3214 511 23 3251 438 104 60%  -008[031,016) 1

Paira tal, 2023 605 3 55 571 367 14 56% 0110048069 -

Peerayeh etal, 2008 (withoutvaricocele) 831 038 59 517 237 6 45%  408(297,519) —
Peerayeh etal, 2008 (with varicocele) 926 148 64 84 355 17 5%  041(013,085) —

Pendas etal, 2013 368 73 91 368 B84 27 58%  000(043,043 -+

aingetal, 2017 1345 689 1189 1276 689 1418 61%  010[002,017]

Xanchum etal 2023 799 451 359 739 323 328 61%  015(0.00,030) r

Zeighani etal, 2007 4048 041 100 833 188 12 05% 4434(3892,5097) >
Zeighani etal 2009 4048 041 100 833 188 12 05% 4494[3892,5097) 3
Znang etal, 2020 (Afer vs before) 651 520 70 537 567 70 59%  0.21(013,054 —

Znang etal, 2020 Vs, control) 856 672 200 492 677 95 60%  054(0.29,079) -

Total (95% C1) 19616 4395 1000%  088(042,1.35)

Heterogeneity Tau"= 092, Ch* = 1664 61, df= 18 (P < 0.00001); "= 99%

Testfor overall eflect Z= 3.72 (P = 0.0002)

Subgroup analysis (cross-sectional studies)

Control w S1d. Mean Difference Sta. Mean Difference
Study or Subgroup Mean _SD_Total Mean _SD Total Weight _IV.Random, 95% CI V. Random, 95% CI
‘Aghazarian etal, 2024 1388 1599 20 907 1651 27 64%  029(029,087] —

Andrade-Rocha, 2003 (High count) 26 152 120 264 155 48 67% 012045022

‘Andrade-Rocha, 2003 (Low count) 246 152 120 274 157 66 68%  -018[0.45,012) -1

8ai etal, 2021 51 278 108 474 218 17 65%  013(038,064]

Gdoura etal, 2007 1405 1232 102 1007 747 18 65%  034(017,084 —

Huang etal, 2015 679 172 16200 438 152 1951 69%  14201.37,1.47)

Leetal, 2022 406 558 319 397 258 61 68% 0020026029 T
Liuetal, 2022a (fervs. before) 3298 454 104 32222 456 104 00%  0ATEOM1,044]

Liuetal 2022a (. contio) 3214 511 23 3251 438 104 68%  -008[031,016) i

Paira tal, 2023 605 3 55 571 387 14 64%  01100.45,069 -

Peerayen etal, 2008 (witnoutvaricocele) 831 038 50 517 237 6 52% 40897519 —
Peerayeh etal, 2008 (wivaricocele) 925 148 64 84 355 17 64%  041(013,088 —

Pendas etal, 2013 %8 73 91 388 84 27 B6%  000[043,043 -

Qing etal, 2017 1345 689 1189 1278 689 1418 69%  010[0.02,017)

Xanchum etal 2023 798 451 359 739 323 328 69%  015£000,030) -

Zeighani etal, 2007 4048 041 100 833 183 12 05% 4494[3892,5097) ’
Zeighani etal, 2009 4048 041 100 833 188 12 06% 4494[3892,5097) ’
Znang etal, 2020 (Mervs. before) 651 520 70 537 567 70 00% 021013054

Znang etal, 2020 (vs. contro) 856 672 200 492 677 95 68%  0540029,079 -

Total (95% C1) 19442 4221 100.0% 1.00[049,1.51] >

Heterogeneity: Tau®= 0.95; Chi*=1625.00, df= 16 (P < 0.00001); F'= 99%
Testfor overall eflect Z= 387 (P = 0.0001)

Subgroup analysis (longitudinal studies)

Control w td. Mean Diterence st Mean Diterence
sty or Subgroup Mean SO _Total Mean SO Toal Weight - V.fixed, 061 W, Fixed, 05 1
Aghazarian et al., 2024 1388 1599 20 907 1651 27 00% 0.29-0.29,087]

Andrade-Rocha, 2003 (High count) 246 152 120 264 155 48 00% -0.12[-0.45,022)

Andrade-Rocha, 2003 (Low count) 246 152 120 274 157 66 00% -0.18048,012)

Baietal, 2021 51 278 108 474 218 17 00% 013038,064]

Gdoura etal., 2007 1405 1232 102 1007 747 18 00% 0.34017,0.84]

Huang etal, 2016 679 172 16200 438 152 1951 0.0% 1.42(1.37,1.47)

Leetal, 2022 406 558 319 397 258 61 00% 0.02-0.26,0.29]

Liu et al., 2022a (After vs. before) 3298 454 104 3222 454 104 598% 017F0.11,0.44) -
Liu et al., 2022a (Vs. control) 3214 511 236 3251 4338 104 00% -0.08-0.31,0.16]

Paira etal, 2023 6.0 3 55 571 367 14 00% 0.11-0.48,0.69]

Peerayeh et al,, 2008 (without varicocele) 831 038 59 517 237 6 00% 4.08(297,519]

Peerayeh et al., 2008 (with varicocele) 926 148 64 84 355 17 00% 0.410.13,0.95)

Pendas etal, 2013 %8 73 91 368 84 27 00% 0.00[-043,043)

Qing etal, 2017 1345 689 1189 1278 6389 1418 00% 010[0.02,017)

Xanchum et al,, 2023 798 451 359 739 323 328 00% 0.15-0.00, 0.30)

Zeighani et al., 2007 4048 041 100 833 188 12 00% 44.94(3892,5097]

Zeighani etal., 2003 4048 041 100 833 188 12 00% 44.94(3892,5097]

Zhang et al, 2020 (After vs. before) 651 529 70 537 567 70 402% 0.21(-013,054) —_—
Zhang etal, 2020 (Vs. control) 856 672 200 492 677 95 00% 054[0.29,0.79)

Tota (95% €1 1 174 1000%  018(003,030) -
Heterogeneity: Chi*=0.03, df= 1 (P = 0.86); F= 0% —0—[‘0574&5—07
Testfor overall effect Z=1.70 (P = 0.09)

Subgroup analysis (Culture-based studies)

Control w . Mean Diterence sta.Mean Diterence
Study or Subgroup Mean SD__Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Agnazaran et al, 2020 1388 1599 20 907 1651 27 4%%  029f029,087]
Andrade-Rocha, 2003 (High count) 246 152 120 264 155 48 147% -012[-045,022) 1
Andrade-Rocha, 2003 (Low counf) 246 152 120 274 157 66 182% -0.18[-0.48,012) — 1
Baietal, 2021 51 278 108 474 218 17 00% 013-0.38,064]
Gdoura etal, 2007 1405 1232 102 1007 747 18 00% 0.34-017,084]
Huang etal, 2016 679 172 16200 438 152 1951 0.0% 1.42(1.37,1.47)
Leetal, 2022 406 558 319 397 258 61 00% 0.02-0.26,0.29]
Liu et al., 2022a (After vs. before) 3298 454 104 3222 454 104 223% 017F0.11,044)
Liu et al,, 2022a (Vs. control) 3214 511 236 3251 438 104 31.0% -0.08(0.31,0.16)
Paira etal, 2023 6.05 3 55 571 367 14 00% 0.11-0.48,0.69)
Peerayeh et al,, 2008 (without varicocele) 831 038 59 517 237 6 00% 408(297,519]
Peerayeh et al., 2008 (with varicocele) 926 148 64 84 355 17 00% 0.410.13,085]
Pendas etal, 2013 368 73 91 368 84 27 89% 0.00-043,043) e m—
Qing etal, 2017 1345 689 1189 1278 689 1418 00% 010(0.02,017)
Xanchum et al,, 2023 798 451 359 739 323 328 00% 0.15-0.00, 0.30]
Zeighani et al., 2007 4048 041 100 833 188 12 00% 44.94(38.92,5097)
Zeighani etal., 2009 4048 041 100 833 188 12 00% 44.94(3892,5097]
Zhang et al, 2020 (After vs. before) 651 529 70 537 567 70 00% 0.210.13,054)
Zhang etal, 2020 (Vs. control) 856 672 200 492 677 95 00% 054[0.29,0.79)
Total (95% €1 601 376 1000%  002(015,041)
Heterogeneity: Chi"= 4 56, df= 5 (P = 0.47), "= 0% T T

Testfor overall eflect Z=0.34 (P = 0.73)
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Subgroup analysis (PCR studies)

Control w o .
Study or Subgroup Mean SO Total Mean SO Total Weight IV, Random, 95%Cl v, Random, 95% C1
‘Aghazarian et 2024 1388 1599 20 907 1651 27 00%  029}029,087)

Andrade-Rocha, 2003 (High count) 246 152 120 264 155 48 00%  -012}0.45,022)
Andrade-Rocha, 2003 (Low count) 248 152 120 274 157 66 00%  -018[046,012)
Bal etal, 2021 51 278 108 474 218 17 00%  013[035,064
Gdoura etal, 2007 1405 1232 102 1007 747 18 139%  034£017,084) —
Huang etal, 2016 679 172 16200 438 152 1951 00%  1420137.147)
Leetal, 2022 406 558 319 397 256 61 145%  0.02(026,029] T
Liu etal, 2022a (Aervs. before) 3208 454 104 3222 454 106 00%  0A7E011,044)
Liu etal, 2022a (vs. control) 3214 511 23 3251 438 104 00%  -008F031,016]
Faira etal, 2023 605 3 55 571 367 14 137% 01046069 -
Peerayeh etal, 2008 (withoutvaricocele) 831 038 59 517 237 6 115%  408(297,519 —
Peerayeh et al, 2008 (with varicocele) 926 148 B4 B84 355 17 138% 041013095 —
Pendas etal, 2013 38 73 91 38 84 27 00%
Qing etal, 2017 1345 689 1189 1278 689 1418 147% 0100002
Xianchum et al, 2023 798 451 359 739 323 328 147% 015000030 r
Zeighani etal, 2007 4048 041 100 833 188 12 16% 4434[3892,5097) v
al, 2008 4048 041 100 833 188 12 16% 44.04[3892,5097) ’
Znang et al, 2020 (Afervs. before) 651 520 70 537 567 70 00%  021(013,054
Znang etal 2020 (. contro) 85 672 200 432 677 95 00%  054(029,079
Total (95% C1) 247 1886 1000%  204[124,284)
Heerogeneity Tau"= 1.12; ChF= 477.32,df= 6 (P < 0.00001); P= 95%
Test for overalleflect Z= 5,00 (P < 0.00001)
Sensitivity analysis
Control w 0. .
Study or Subgroup Mean D _Total Mean _SD Total Weight IV, Random, 95%Cl v, Random, 95% CI

‘Aghazarian et al, 2024 1388 1599 20 907 1651 27 58%  029}029,087)

Andrade-Rochs, 2003 (High count) 248 152 120 264 155 48 4% 0120045022
Andrade-Rocha, 2003 (Low count) 248 152 120 274 157 66 5%  -0180.48,012)

Baletal, 2021 61 278 108 474 218 17 60% 0134036064
Gdoura etal, 2007 1405 1232 102 1007 747 18 60%  034£017,084]

Huang etal, 2016 679 172 16200 438 152 1951 00%  1420137.1.47)

Leetal, 2022 406 558 313 397 258 61 65%  002026,029)

Liuetal, 2022a (Afler vs. before) 3208 454 104 3222 454 104 65%  DATEDN1,044)

Liu etal, 2022a (vs. control) 3214 511 23 3251 438 104 66%  -008[031,016]

Fairaetal, 2023 605 3 55 571 367 14 53% 011045069
Peerayeh etal, 2008 (withoutvaricocele) 831 038 58 517 237 6 43% 4.08297,519) M
Peerayeh et al, 2008 (with varicocele) 926 148 B4 B4 355 1T B0% 041013085
Pendas etal, 2013 38 73 91 38 B4 27 62% 000043043
aingetal, 2017 1345 683 1189 1278 689 1418 68% 010002017
Xanchum et al, 2023 798 451 359 739 323 328 67%  015(0.00,030)

Zeighani etal 2007 4048 041 100 833 188 12 04% 4494[3892,5097) >

al, 2009 4048 041 100 833 188 12 04% 4494[3892,5097) v

Zhang etal, 2020 (Afervs. before) 651 520 70 537 567 70 64%  021(013,054 e
Znang etal, 2020 Vs, contro) 856 672 200 482 677 95 65%  0540029,079
Total (95% C1) 3416 2444 1000%  053[026,1.01) ——_—
Heterogensity Tau?= 0.54; Ch = 437.85, =17 (P < 0.00001); F= 97%

0009)

Testfor overall eflect 2= 3.31

Fig. 9 Effect of ureaplasma urealyticum on normal sperm morphology. UU: Ureaplasma urealyticum, SD: Standard deviation, Cl: confidence interval.
Meta-analysis was performed using a random-effect model when p-value <0.1 or 12> 50%; otherwise, a fixed-model effect is used. Data are shown

as standardized mean difference and Confidence interval (Cl)

with their U. wurealyticum-negative counterparts. Also,
Moretti et al. [37] observed a higher percentage of apop-
totic sperm cells in U. wurealyticum-positive subjects
when compared with U. urealyticum-negative subjects.

Discussion

U. urealyticum is a common pathogen that is implicated
in urogenital infections and may impair male fertility
directly via the induction of testicular and sperm toxicity
or indirectly via the induction of inflammation and oxi-
dative stress through the upregulation of leukocytes and
ROS generation respectively [10]. Despite the reported

roles of direct toxicity and oxido-inflammatory injury
in U. wurealyticum-induced male infertility, the precise
mechanism underlying the development and progression
of low semen quality are yet to be fully understood, and
there are ongoing studies exploring the present knowl-
edge dearth. The present meta-analysis is the first, to
the best of our knowledge and as at the time of submit-
ting this study for publication, to evaluate the impact of
U. urealyticum on semen quality and provide possible
pathogenetic mechanisms of U. urealyticum. This study
also performed subgroup analyses for controlled cross-
sectional and longitudinal studies.
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Control uu Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Aghazarian et al., 2024 0.04 0.04 20 015 023 27 16.5% -0.61 [1.20,-0.02] —
Al-Sweih et al,, 2012 (Fertile patients) 135 562 139 147 352 49 177% -0.02 [-0.35, 0.30] -+
Al-Sweih et al.,, 2012 { Infertile patients) 1.45 489 96 1485 281 31 17.4% -0.02 [-0.43, 0.38] -
Baietal, 2021 462 33 108 75 6.3 17 16.9% -0.75[1.27,-0.23] —
Gdoura et al,, 2007 1.199 281 102 0743 066 18 17.0% 0.17 [-0.33, 0.68] T
Paira etal., 2023 0136 003 55 0522 0198 14 146% -418[5.11,-3.28] ——
Total (95% CI) 520 156 100.0% -0.82 [-1.61,-0.02] -
Heterogeneity: Tau®= 0.91; Chi*= 79.08, df= 5 (P < 0.00001); F= 94% 54 52 b é ji
Test for overall effect: Z= 2.00 (P = 0.04)

Subgroup analysis (PCR studies)

Control uu Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Aghazarian et al., 2024 0.04 0.04 20 015 023 27 0.0% -0.61 [1.20,-0.02]
Al-Sweih et al., 2012 {Fertile patients) 1.35 562 139 147 352 43 26.1% -0.02 [-0.35, 0.30] -+
Al-Sweih et al,, 2012 { Infertile patients) 1.45 489 96 1485 281 31 258% -0.02 [-0.43, 0.38] -
Baietal, 2021 462 33 108 7.8 6.3 17 0.0% -0.75[1.27,-0.23]
Gdoura et al., 2007 1.199 281 102 0743 066 18 254% 0.17 [-0.33, 0.68] -
Paira etal., 2023 0136 0.03 55 0522 0.198 14 228% -4.18F5.11,-3.28) —=—
Total (95% CI) 392 112 100.0% -0.92 [-2.10, 0.26] e
Heterogeneity: Tau®= 1.36, Chi*=74.74, df= 3 (P < 0.00001); F= 96% 14 12 g é i
Testfor overall effect Z=1.53 (P=013)

Sensitivity analysis

Control uu Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Aghazarian et al., 2024 0.04 0.04 20 015 023 27 201% -0.61 [1.20,-0.02] —
Al-Sweih et al,, 2012 (Fertile patients) 135 562 139 147 352 49 0.0% -0.02 [-0.35, 0.30]
Al-Sweih et al.,, 2012 { Infertile patients) 1.45 489 96 1485 281 31 208% -0.02 [-0.43, 0.38] -
Baietal, 2021 462 33 108 75 6.3 17 20.4% -0.75[1.27,-0.23] —
Gdoura et al,, 2007 1.199 281 102 0743 066 18 20.4% 0.17 [-0.33, 0.68] T
Paira etal., 2023 0136 003 55 0522 0198 14 18.4% -418[5.11,-3.28] —=—
Total (95% CI) 381 107 100.0% -1.01 [-2.06, 0.04] -
Heterogeneity: Tau®= 1.35; Chi*=73.79, df= 4 (P < 0.00001); F= 95% 54 52 b é ji

Test for overall effect: Z=1.89 (P = 0.06)

Fig. 10 Effect of ureaplasma urealyticum on seminal fluid leukocyte count. UU: Ureaplasma urealyticum, SD: Standard deviation, Cl: confidence
interval. Meta-analysis was performed using a random-effect model. Data are shown as standardized mean difference and Confidence interval (Cl)

Control ]1] Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% Cl
Aghazarian etal, 2024 1052 989 20 60.76 103.94 27 50.5% -0.62 [-1.22,-0.03]
Faira etal, 2023 6353 1519 55 168.5 4972 14 49.5% -4.02 [-4.93,-3.12] =
Total (95% CI) 75 41 100.0% -2.31 [-5.64, 1.03]
Heterogeneity: Tau®= 5.63; Chi®= 37.83, df=1 (P = 0.00001); F=97% o o b P 0

Testfor overall effect. Z=1.36 (P=0.18)

Fig. 11 Effect of ureaplasma urealyticum on seminal fluid IL- 6. UU: Ureaplasma urealyticum, SD: Standard deviation, Cl: confidence interval.
Meta-analysis was performed using a random-effect model. Data are shown as standardized mean difference and Confidence interval (Cl)

Conventional semen analysis as well as sperm DNA
integrity are useful tools in the diagnosis of male infer-
tility [45]. Notably, this study demonstrated that UL
urealyticum significantly reduced ejaculate volume,
sperm concentration, total sperm motility, total motile
sperm count, and normal morphology. This observed
decline in semen quality may be due to the direct toxic-
ity induced by U. urealyticum on sperm cells [10], leading

to alterations in the sperm form, motility, and count.
This also shows that U. urealyticurn may induce male
infertility.

Humans have diverse immune response cells in their
reproductive systems and these cells release monokines
and lymphokines upon activation. These influence tis-
sues outside of the immune system as well as modulate
immunological responses locally [46]. The present study
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revealed that U. urealyticurn may modulate reproductive
immunology by enhancing sperm elastase via the upregu-
lation of seminal fluid leucocyte. Elastase directly damage
sperm by inducing phagocytosis and apoptosis by upreg-
ulating pro-inflammatory cytokines and ROS [47]. The
increased leukocytes that explains the rise in elastase also
upregulates ROS generation [47]; thus, U. urealyticum
promotes pro-inflammatory cytokines and ROS surge in
the sperm cells by activating the rise in seminal fluid leu-
kocytes and elastase. Elastase has also been reported to
indirectly cause male infertility by triggering gonadal and
epididymal injury through inflammation [48].

This study also observed that U. urealyticum promoted
sperm DNA fragmentation, which is likely due to its
impact of seminal fluid leucocyte. ROS generation may be
a cause or consequence of inflammation [49]. U. urealyt-
icum-induced upregulation of leukocytes promotes ROS
generation [47, 48], which in turn damage sperm DNA,
resulting in fragmentation that is detrimental to sperm
physiological function and overall male fertility. More so,
U. urealyticum may disrupt the blood-testis barrier [50],
compromising the protective environment for germ cells
and inducing direct deleterious effect to the germ cells;
thus, reducing sperm concentration, total motility, and
normal morphology. Furthermore, U. urealyticum infec-
tion alters seminal fluid composition, reducing the total
antioxidant capacity of the sperm cells antioxidants [12],
and promoting increased sperm DNA fragmentation.
Ureaplasma urealyticum fuses with the head of sperm
cells, leading to impairment of the swimming movement
of the cell and production of metabolites like H,O, and
OH™ which are toxic to the sperm. This alters the sperm
morphology and motility, and causes DNA fragmenta-
tion and deformity of the sperm cell [14].

Our pooled overall analysis revealed that U. wurea-
lyticum reduces ejaculate volume, sperm concentration,
total sperm motility, and normal morphology, which
was consistent with the sensitivity analysis and subgroup
analysis of the controlled cross-sectional studies, but a
subgroup analysis of the longitudinal study demonstrated
only marginal changes in these variables. This may be
due to the treatment choice and duration. Despite the
convincing data presented in this study, it bears some
limitations. First, publication bias was observed in most
of the studies (ejaculate volume, seminal fluid pH, sperm
concentration, total motility, progressive motility, vital-
ity, normal morphology, and seminal fluid leukocytes and
IL- 6 levels). This can lead to overestimation of the effect
size and skewed results, making it appear as though the
association between Ureaplasma urealyticum and sperm
quality is stronger than it actually is. Also, the significant
heterogeneity noted in some of the analyses influenced
the outcome of the present study. It is likely that the
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different populations studied, diverse diagnostic meth-
ods, and different study design are the sources of hetero-
geneity. More so, prospective interventional studies were
included in the meta-analysis, which may influence our
findings due to the impact of the treatments. Further-
more, the different diagnostic methods of U. urealyticum
(PCR, culture or rapid tests) in the primary studies and
the duration of recovery after treatment may be a source
of bias and influence the study outcome. Nonetheless,
this is the first meta-analysis to investigate the impact of
U. urealyticum on semen quality using 30 studies from
23 published articles. In addition, this study examined
the possible pathogenesis of the impact of U. urealyticum
on semen quality. Moreover, this study conducted a thor-
ough assessment of the quality of evidence, risk of bias
and certainty of evidence of the included study to identify
the potential source of bias. Furthermore, subgroup anal-
yses of cross-sectional, longitudinal studies (prospective
studies), and different diagnostic methods of U. urealyti-
cum (PCR, culture or rapid tests) and sensitivity analyses
were performed to attenuate the influence of heterogene-
ity and RoB, publication bias, and strengthen the reliabil-
ity of our findings.

Conclusion

There is a significant decline in semen quality, especially
ejaculate volume, sperm concentration, total sperm
motility, and normal morphology in U. wurealyticum-
infected patients as compared to the controls, which
poses a threat to male fertility. The pathogenesis of UL
urealyticum-induced lowered sperm quality is complex
and involves the upregulation of seminal fluid leukocytes,
elastase, inflammation, and DNA fragmentation. How-
ever, further studies are needed to elucidate the mecha-
nisms underlying the association between U. urealyticum
and semen quality decline, and to develop effective thera-
pies for this condition.
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