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Abstract 

Background  Infertility treatments are continually evolving, with vaginal probiotic supplementation before embryo 
transfer (ET) being explored as a potential method to improve clinical outcomes. So, this systematic review evaluated 
the effect of vaginal probiotics on pregnancy rates following ET.

Methods  Studies were identified through PubMed, Scopus, Web of Science, Cochrane, and clinical trial registries 
up to October 17, 2024. We included prospective interventional studies (RCTs or quasi-experimental) focusing 
on pregnancy outcomes post-ET. We excluded non-prospective studies, non-vaginal routes of probiotic administra-
tion, and studies with insufficient methodological or statistical details. The data was extracted from each qualifying 
study by two reviewers and recorded using an electronic form. Results were synthesized using a random-effects 
model, with Mantel–Haenszel (MH) risk ratio (RR) and 95% confidence intervals (CI) calculated for ET outcomes. 
Also, subgroup analyses were done to explore the history of recurrent implantation failure (RIF) as a probable source 
of heterogeneity.

Results  We included six studies with 850 participants (419 in intervention and 431 in control groups). Vaginal 
probiotics showed a non-significant increase in clinical pregnancy rates compared to the control group (157 per 419 
[37.47%] versus 136 per 431 [31.55%], respectively; RR: 1.19; P = 0.07), with similar findings in women with and without 
a history of RIF. No significant differences were found in biochemical pregnancy (RR: 1.04; P = 0.74) or ongoing preg-
nancy rates (RR: 1.09; P = 0.53). A non-significant reduction in miscarriage risk was observed (RR: 0.67; P = 0.12).

Conclusions  Vaginal probiotics may offer a non-significant increase in clinical pregnancy rates and a slight non-sig-
nificant reduction in miscarriage risk. However, considering the potential limitations of the included studies, findings 
should be interpreted with caution. Further research is needed to explore the potential of personalized probiotic 
therapy.
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Graphical Abstract

Introduction
Infertility affects approximately 1 in 6 couples glob-
ally [1], presenting a complex challenge to reproductive 
health professionals. Significant advances in infertility 
treatments like assisted reproductive techniques (ART) 
have emerged as a beacon of hope for many aspiring 
parents. Embryo implantation is a pivotal stage in ART, 
requiring a delicate balance between the embryo and 
the endometrium. Various research over the years [2–4] 
shows that approximately 30% of conceptions do not pro-
gress past the implantation stage after embryo transfer 
(ET). Additionally, another 30% of conceptions are lost 
shortly after implantation, either at the biochemical stage 
or before any clinical becomes evident.

Recent research suggests the human microbiome, 
particularly the vaginal and endometrial microbiota, 
plays a critical role in reproductive success and embryo 
implantation [5]. Approximately 80% of reproductive-age 

women have a vaginal microbiome dominated by Lacto-
bacillus species, which is indicative of a healthy vaginal 
ecosystem [6]. Recent research has revealed that, along-
side vaginal microbiota, the microbiota of the endome-
trium is also linked to infertility [7, 8]. This challenges the 
traditional belief that the endometrium is a sterile envi-
ronment. Accordingly, several studies suggest that dys-
biosis at the time of ET may lead to reduced pregnancy 
rates while Lactobacillus abundance poses a positive 
impact on ART outcomes [9–11].

Therefore, the administration of probiotics has been 
suggested as a strategy to alter the endometrial microbi-
ome, which may improve the chances of embryo implan-
tation and a successful pregnancy. Numerous primary 
studies have examined the effects of probiotic supple-
mentation before ET on ART outcomes and pregnancy 
rates, yielding inconclusive and mixed results [12, 13]. 
To date, this area has not been systematically reviewed. 
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Moreno et  al.’s review [14] addressed the influence of 
vaginal probiotics on reproductive health and associ-
ated dysbiosis, demonstrating a moderate alteration of 
the vaginal microbiota. Blancafort et  al. [15] assessed 
the potential of probiotics to improve fertility outcomes, 
emphasizing advantages for non-symptomatic women 
of reproductive age, yet they did not focus on infertile 
women undergoing ART. So, this systematic review and 
meta-analysis aimed at providing new perspectives on 
the efficacy of probiotics as an ART add-on.

Methods
This systematic review and meta-analysis aimed at evalu-
ating the effectiveness of probiotic supplementation prior 
to ET in comparison to various controls (placebo, alter-
native treatments, or no intervention at all), in enhancing 
clinical outcomes for infertile women following ET. Our 
methodology adhered to the Cochrane Handbook for 
Systematic Reviews of Interventions and the Preferred 
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) guidelines (Appendix file 2).

Study PICOs
The study population in this review included infertile 
women undergoing ET procedures as part of ART. The 
primary intervention examined was the administration 
of vaginal probiotics. This included any probiotic formu-
lations designed for intravaginal use. The effects of vagi-
nal probiotics were compared against several controls, 
including a placebo, other medical interventions such as 
antibiotics, or no intervention at all.

The outcomes of this review were the key ET success 
indicators. These included the implantation rate, chemi-
cal pregnancy rate, clinical pregnancy rate, miscarriage 
rate, ongoing pregnancy rate, and live birth rate. The 
implantation rate is defined as the number of gestational 
sacs visualized in ultrasound assessments divided by the 
number of transferred embryos. Chemical pregnancy 
refers to the number of chemical pregnancies diagnosed 
by the detection of beta human chorionic gonadotro-
pin in serum or urine divided by the total number of 
ET cycles. Clinical pregnancy is defined as the number 
of clinical pregnancies, diagnosed by ultrasonographic 
observation of fetal heartbeats, per total ET cycle. Mis-
carriage is the loss of a pregnancy before viability (less 
than 20 weeks of gestation) per total ET cycle. Ongo-
ing pregnancy includes each pregnancy showing a posi-
tive heartbeat at ultrasound after 12 weeks of gestation 
divided by the total number of ET cycles [16].

Inclusion and exclusion criteria
We included studies in our review based on the following 
criteria:

•	 The study was designed as a prospective interven-
tional study (including randomized clinical trials 
[RCTs] or quasi-experimental studies).

•	 The intervention involved vaginal probiotic adminis-
tration before or during the ET cycle.

•	 The control group received an alternative active 
intervention, no intervention, or a placebo.

•	 The study population consisted of infertile women 
undergoing ET.

We excluded observational (including cohort, case–
control, case series, case report, or cross-sectional) and 
experimental (animal models and cell cultures) studies. 
Studies were excluded if they involved any route of pro-
biotic administration other than vaginal. Additionally, 
studies lacking sufficient details regarding methodology 
or results were also omitted from our review.

Search strategy
Core databases
A systematic search was conducted using PubMed, 
Scopus, Web of Science, and Cochrane databases from 
inception to October 17, 2024. References and the cita-
tion list of published articles were also hand-searched 
to identify additional eligible studies. Full details of the 
search strategy, search terms, and database-specific 
indexing terminology are provided in Appendix file 1.

Grey literature
Following the Cochrane Collaboration guidelines, we 
conducted comprehensive searches in the following 
databases:

•	 Open Grey: We searched the Open Grey database for 
unpublished theses, conference papers, and technical 
reports relevant to our research topic.

•	 ClinicalTrials.gov: We examined the “ClinicalTrials.
gov” registry for ongoing and completed clinical trials 
that may not have been published in peer-reviewed 
journals.

•	 WHO International Clinical Trials Registry Platform 
(ICTRP): We explored the ICTRP for registered trials 
from various international registries.

•	 Google Scholar: We used Google Scholar to identify 
grey literature, including dissertations, theses, and 
conference abstracts.

•	 ProQuest Dissertations & Theses Global: We 
searched for relevant dissertations and theses to 
ensure comprehensive coverage of unpublished aca-
demic work.

In addition to database searches, we reviewed the ref-
erence lists of included studies and relevant systematic 
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reviews to identify additional grey literature. We also 
contacted experts in the field to inquire about any unpub-
lished data or ongoing studies that might be pertinent to 
our review.

Study selection
The process of study selection and data collection was 
meticulously carried out by two independent reviewers 
(S.A. and N.E.), who examined the titles and abstracts 
from electronic databases against our predetermined cri-
teria for eligibility. Studies deemed potentially relevant 
had their full texts retrieved for a more comprehensive 
evaluation. In cases of uncertainty regarding a study’s 
inclusion, it was further reviewed and deliberated upon 
with a third reviewer (R.K.).

Data extraction
The data extracted from each qualifying study was veri-
fied by two reviewers (R.K. and S.A.). This information 
was systematically recorded using a standardized elec-
tronic data capture form designed for this review.

Handling of missing data
We carefully reviewed each included study for complete-
ness of the reported data. In cases where essential data 
were missing or unclear, such as participant numbers or 
outcome measures, we attempted to contact the corre-
sponding authors via email to obtain the missing infor-
mation. If no response was received within two weeks, 
we proceeded with the available data.

For studies where the data were insufficient for inclu-
sion in the meta-analysis and additional data could not 
be obtained, we included a narrative summary in the sys-
tematic review. We did not perform any statistical impu-
tation for missing data; thus, our analyses were based on 
the available data from the published studies.

Quality appraisal
To ensure the integrity and validity of our system-
atic review and meta-analysis, two robust tools were 
employed for quality appraisal. The Cochrane Collabora-
tion’s Risk of Bias 2 (ROB 2) was used for RCTs [17], and 
the Risk of Bias in Non-randomized Studies of Interven-
tions (ROBINS-I) was used for non-randomized inter-
ventional studies [18].

ROB 2 tool
It focuses on five domains including:

1.	 Randomization Process: Assessing whether the allo-
cation sequence was adequately generated and con-
cealed.

2.	 Deviations from Intended Interventions: Evaluat-
ing if participants and personnel were appropriately 
blinded and if any deviations from the intended 
interventions occurred.

3.	 Missing Outcome Data: Determining the extent and 
handling of incomplete outcome data.

4.	 Measurement of the Outcome: Assessing if the out-
come assessors were blinded and if the outcome 
measurements were reliable.

5.	 Selection of the Reported Result: Evaluating the like-
lihood of selective reporting of outcomes.

Each domain was judged as ’low risk of bias,’ ’some 
concerns,’ or ’high risk of bias.’ The overall risk of bias for 
each RCT was determined based on the judgments in the 
individual domains.

ROBINS‑I tool
It assesses the risk of bias through seven domains:

1.	 Confounding: Assessing the presence of confounding 
variables and if they were accounted for in the analy-
sis.

2.	 Selection of Participants: Evaluating the selection 
process of study participants and any potential biases 
introduced.

3.	 Classification of Interventions: Assessing if the clas-
sification of interventions was accurate and free from 
bias.

4.	 Deviations from Intended Interventions: Evaluating 
if participants were appropriately managed according 
to the intended interventions.

5.	 Missing Data: Determining the extent and handling 
of missing data.

6.	 Measurement of Outcomes: Assessing if the outcome 
measurements were reliable and if outcome assessors 
were blinded.

7.	 Selection of the Reported Result: Evaluating the like-
lihood of selective reporting of outcomes.

Similar to ROB 2, each domain was appraised, and an 
overall risk of bias judgment was made for each non-ran-
domized study.

Both tools were applied by two independent reviewers 
(A.M-H. and R.K.) to minimize subjective bias, and any 
discrepancies were resolved through discussion or con-
sultation with a third reviewer (F.A.).

Statistical analysis
We extracted ART outcomes from each of the included 
studies according to treatment strata and calculated 
Mantel–Haenszel (MH) risk ratio (RR) with the corre-
sponding 95% confidence interval (CI) for each endpoint 
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in the probiotics versus control groups. All meta-analyses 
were conducted using a random effects model to account 
for potential heterogeneity among studies. Statistical 
analyses were performed using Comprehensive Meta-
Analysis (CMA) software (Version 3.0, Biostat Inc., USA).

Assessment of heterogeneity
Heterogeneity refers to the variation in study outcomes 
between the included studies. We assessed heterogeneity 
using two statistical measures:

1.	 Q Statistic: The Q statistic is a measure of the total 
variance observed in the studies. It tests the null 
hypothesis that all studies share a common effect 
size. A high Q value relative to the degrees of free-
dom (df ) indicates the presence of heterogeneity.

2.	 I-Squared (I2) Statistic: The I2 statistic quantifies the 
proportion of total variation in study estimates that 
is due to heterogeneity rather than chance. It ranges 
from 0 to 100%, with higher values indicating greater 
heterogeneity.

•	0% to 25%: Low heterogeneity
•	25% to 50%: Moderate heterogeneity
•	50% to 75%: Substantial heterogeneity
•	75% to 100%: Considerable heterogeneity

Sensitivity analysis
To address the potential impact of high-risk bias stud-
ies on our primary outcome (clinical pregnancy rate), 
we performed a sensitivity analysis. We excluded studies 
that were designed as non-randomized interventions and 
quasi-experimental.

Subgroup analyses
Subgroup analyses were used to identify the effect of 
probiotics on ART outcomes considering the history of 
recurrent implantation failure (RIF) as a possible source 
of heterogeneity. RIF refers to the failure to achieve a 
clinical pregnancy after the transfer of good-quality 
embryos in at least three consecutive ET cycles to a mor-
phologically normal uterus [19].

Assessment of publication bias
To assess publication bias, we employed CMA software 
to generate a funnel plot for the primary outcome of clin-
ical pregnancy rate. The funnel plot is a scatter plot where 
the effect sizes from individual studies are plotted against 
a measure of study precision. In the plot, observed stud-
ies were represented by blank dots. We then conducted a 
trim-and-fill analysis to identify and adjust effect sizes for 
any ’missing’ studies due to publication bias. This method 

imputes hypothetical studies to symmetrize the plot, rep-
resented by black-filled dots, and adjusts the effect size 
estimates accordingly. We also assessed publication bias 
using Egger’s regression test.

Results
Summary of the literature search
Our initial search across electronic databases and regis-
tries retrieved a total of 1013 studies. Additionally, 8 pub-
lications were identified through manual searches and 
citation tracking. Utilizing Endnote, a reference man-
ager software, we identified and removed 183 duplicate 
entries. A preliminary review of the titles led to the exclu-
sion of irrelevant studies, narrowing the field to 39 arti-
cles. After reviewing the remaining full-text articles, we 
included six studies in the meta-analysis. The study flow 
of our literature search and study selection is depicted in 
the PRISMA 2020 flow diagram [19] (Fig. 1). For trans-
parency, we have also provided a complete list of stud-
ies that were excluded by abstract and full-text screening 
along with their details and reasons for exclusion at each 
screening phase, in a supplementary table (Appendix file 
3).

Study characteristics
Table 1 summarizes the key characteristics of all included 
studies, including methodological approaches and ET 
cycle specifics. All studies, except one that was pub-
lished in 2005 [20], were conducted within the last two 
years (2023–2024). The studies were conducted in Iran (2 
studies) [21, 22], China (2 studies) [23–25], Thailand (one 
study) [26], and Israel (one study) [20]. All studies com-
pared vaginal probiotics versus blank control (no inter-
vention), except one that compared vaginal probiotics 
versus placebo [21].

Four studies were designed as clinical trials (CTs) [20–
22, 26]. One of these [20] CTs was a pseudo-randomized 
CT without blinding. One study [25] utilized mixed-
methods designs. Wei et  al. [25] combined a prospec-
tive cohort study with an embedded RCT to assess the 
efficacy of transvaginal Lactobacillus supplementation. 
One study [23] was a prospective interventional study, 
though details on randomization and blinding were not 
mentioned. In the absence of specific details on randomi-
zation and blinding, this study was conservatively catego-
rized as a quasi-experimental study.

In Table 2 we offered a detailed account of the probiotic 
supplementation strategies employed across the reviewed 
studies. It includes information on the types of probiot-
ics used, dosages, frequencies, and durations of treat-
ment. The duration of probiotic supplementation ranged 
from a single dose to 1 month. All studies used probiotics 
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containing different strains of Lactobacillus except one 
study that used Enterococcus species [23].

Quality of included studies and risk of bias
The summary of the risk of bias assessment for RCTs 
is shown in Fig.  2. Briefly, Jafarabadi [22] and Thana-
boonyawat [26] exhibited a low risk of bias across most 
domains, with some concerns raised due to the absence 
of a placebo in the control group. Davari Tanha [21] 
study was assessed to have a high risk of bias, primarily 
due to the lack of concealment and absence of detailed 
reporting on randomization procedures. Wei [25] and 
Gilboa [20] encountered a high risk of bias, with no 
detailed information on concealment and randomiza-
tion methods. Both non-randomized interventional stud-
ies were scrutinized for biases inherent to their design. 
Pengying [23] was the only study with quasi experimen-
tal design so were assessed by ROBINS-I tool. This study 

was impacted by various sources of bias, including not 
accounting for embryo quality and stage, unclear timing 
of probiotic therapy, and outcome assessors’ awareness of 
interventions.

Results of meta‑analysis
Clinical pregnancy rate
A total of six studies were included in the meta-anal-
ysis for clinical pregnancy rates. The pooled clinical 
pregnancy rate was relatively higher in probiotic group 
compared to control group (157 per 419 [37.47%] 
versus 136 per 431 [31.55%] respectively. The pooled 
MH risk ratio was 1.19 (95% CI: 0.99 to 1.44), indicat-
ing a non-significant increase in clinical pregnancy 
rates with the use of vaginal probiotics (Z = 1.82, 
p = 0.07). Heterogeneity was low (Q = 5.10, df = 5, 
p = 0.40, I2 = 1.89), suggesting that the variation in 

Fig. 1  PRISMA (preferred reporting items for systematic reviews and meta-analyses) 2020 flow diagram
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effect estimates across studies was negligible and that 
the results are consistent across the included studies 
(Fig. 3).

For sensitivity analysis, we excluded three studies that 
were designed as non-randomized interventions Wei 
[25] and Gilboa [20] and quasi-experimental Pengying 
[23]. After excluding these studies with high risk of bias, 
no significant changes were observed in findings. The 
pooled clinical pregnancy rate was relatively higher in 
probiotic group compared to control group (99 per 289 
[34.25%] versus 83 per 284 [29.22%] respectively. The 
pooled MH risk ratio was 1.27 (95% CI: 0.88 to 1.82), 
indicating a non-significant increase in clinical preg-
nancy rates with the use of vaginal probiotics (Z = 1.28, 

p = 0.20). Heterogeneity remained low (Q = 2.04, df = 2, 
p = 0.36, I2 = 2.15%), further supporting the robustness 
of the findings despite the exclusion of studies with 
high risk of bias (see Supplementary Figure [Appendix 
file 4]).

Funnel plot analysis suggested no publication bias for 
clinical pregnancy rates. The trim-and-fill method indi-
cated that there were no missing studies that could be 
included to adjust the model, and Egger’s regression 
test was not significant (two-tailed p = 0.118, one-tailed 
p = 0.059) (Fig. 4).

Subgroup analyses were conducted to explore the 
effect of vaginal probiotics on clinical pregnancy rates 
in women with and without history of RIF. In both 

Fig. 2  Risk of bias in randomized clinical trials according to ROB 2 Tool. a Methodological risk of bias summary: review authors’ judgments 
about each methodological bias item for each included study; (b) Methodological risk of bias graph: review authors’ judgments about each 
methodological bias item presented as percentages across all included studies
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subgroups, meta-analysis showed similar findings indi-
cating a non-significant increase in clinical pregnancy 
rates with the use of vaginal probiotics (Fig. 5).

Biochemical pregnancy rate
Three studies were included in the meta-analysis for 
biochemical pregnancy (positive BhCG test) rates. The 
pooled MH risk ratio was 1.04 (95% CI: 0.84 to 1.28), 

Fig. 3  Comparison of clinical pregnancy rate between probiotics and control groups. a Forest plot detailed Mantel–Haenszel risk ratio and 95% 
confidence intervals for clinical pregnancy rate. b Chi-square-based Q statistic and I2 value for heterogeneity assessment

Fig. 4  Assessment of publication bias in clinical pregnancy rates. This funnel plot visualizes potential publication bias in studies measuring clinical 
pregnancy rates. The Y-axis indicates the precision of each study, while the X-axis shows the effect size. The plot’s foundation lies in the principle 
that larger studies provide more precise estimates of the true treatment effect. Studies included in the analysis are marked with blank (white) dots. 
A black-filled dot represents a hypothetical ’missing’ study inferred through trim-and-fill analysis. The asymmetry of the funnel plot hints at possible 
publication bias, suggesting that the reported effect size of vaginal probiotics on clinical pregnancy rates might be inflated. Without this bias, 
the observed effect (white diamond) would likely gravitate towards a diminished or nonexistent impact (black diamond)
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indicating no significant difference between groups 
(Z = 0.33, p = 0.74). No heterogeneity was observed 
(Q = 1.02, df = 2, p = 0.60, I2 = 0%), suggesting consistency 
in the effect estimates across the included studies (Fig. 6).

Ongoing pregnancy rate
Two studies were included in the meta-analysis for ongo-
ing pregnancy rates. The pooled MH risk ratio was 1.09 
(95% CI: 0.83 to 1.45), indicating no significant difference 

between groups (Z = 0.63, p = 0.53). No heterogeneity 
was observed (Q = 0.01, df = 1, p = 0.91, I2 = 0%), suggest-
ing consistency in the effect estimates across the included 
studies (Fig. 7).

Miscarriage
Three studies were included in the meta-analysis for 
miscarriage rates. The pooled MH risk ratio was 0.67 
(95% CI: 0.40 to 1.12), indicating a non-significant 

Fig. 5  Subgroup analysis of clinical pregnancy rate considering history of RIF.Forest plot detailed Mantel–Haenszel risk ratio and 95% confidence 
intervals for clinical pregnancy rate in the RIF and non-RIF subgroups for probiotic and control groups. RIF: Recurrent Implantation Failure

Fig. 6  Comparison of biochemical pregnancy rate between probiotics and control groups. a Forest plot detailed Mantel–Haenszel risk ratio 
and 95% confidence intervals for biochemical pregnancy rate (determined by BhCG detection in blood or urine). b Chi-square-based Q statistic 
and I2 value for heterogeneity assessment
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reduction in miscarriage rates with the use of vaginal 
probiotics (Z = −1.54, p = 0.12). Heterogeneity was 
low (Q = 2.29, df = 2, p = 0.32, I2 = 12.61%), suggesting 
that the results were relatively consistent across the 
included studies with some minor variation (Fig. 8).

Other outcomes
Reported data for implantation and live birth rates was 
insufficient so meta-analysis was not possible for these 
outcomes.

Discussion
Summary of study findings
In this systematic review and meta-analysis, we evalu-
ated the efficacy of vaginal probiotics as therapeutic 
adjuncts on ET success rates. Our findings indicated a 
non-significant increase in clinical pregnancy rates in 
the probiotic group compared to controls, with negli-
gible heterogeneity observed among the studies. Sub-
group analysis revealed similar non-significant increases 
in clinical pregnancy rates in both women with and 

Fig. 7  Comparison of ongoing pregnancy rate between probiotics and control groups. a Forest plot detailed Mantel–Haenszel risk ratio and 95% 
confidence intervals for ongoing pregnancy rates. b Chi-square-based Q statistic and I2 value for heterogeneity assessment

Fig. 8  Comparison of miscarriage rate between probiotics and control groups. a Forest plot detailed Mantel–Haenszel risk ratio and 95% 
confidence intervals for miscarriage rate. b Chi-square-based Q statistic and I2 value for heterogeneity assessment
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without a history of RIF. The analysis of biochemical 
pregnancy rates did not demonstrate a significant dif-
ference between the probiotic and control groups. Simi-
larly, the ongoing pregnancy rates showed no significant 
improvement with probiotic use. A noteworthy finding 
was the non-significant reduction in miscarriage rates in 
the probiotic group, suggesting a potential role of vaginal 
probiotics in sustaining early pregnancy. Due to limited 
data, we could not conduct a meta-analysis for implan-
tation and live birth rates. Overall, the very low to zero 
heterogeneity observed across all outcomes supports the 
robustness of our findings and suggests a high level of 
consistency in the effect estimates.

Comparison of study findings with previous reviews
To date, our study is the only systematic review and 
meta-analysis focusing on effect of vaginal probiotics as 
therapeutic adjuncts on ET outcomes. There is only one 
systematic review with relatively similar objective by San-
tana et al. [27]. This review assessed the role of probiotics 
on reproductive outcomes in infertile women undergoing 
ART. It only included a qualitative presentation of each 
study’s findings without performing a quality assessment 
or meta-analysis. Another systematic review and meta-
analysis by Moreno et al.’s [14] addressed the influence of 
vaginal probiotics on reproductive health and associated 
dysbiosis, demonstrating a moderate alteration of the 
vaginal microbiota. However, it did not focus specifically 
on infertile women undergoing ART. Blancafort et al. [15] 
assessed the potential of probiotics to improve fertility 
outcomes, emphasizing benefits for non-symptomatic 
women of reproductive age, but again, did not focus on 
infertile women undergoing ART.

Hypothesis and potential mechanisms of action
The administration of probiotics as adjuvant treat-
ments before ET, is based on a hypothesis that altering 
the endometrial microbiota composition can provide a 
favorable environment for embryo implantation. A shift 
in the population of Lactobacillus species, for instance, 
has been implicated in diminished endometrial receptiv-
ity [8, 9, 28, 29]. An eubiotic endometrial microbiome is 
postulated to mildly activate the local immune response, 
thereby facilitating normal endometrial cells remod-
eling essential for implantation [30]. Beneficial metabo-
lites produced by these microbes are thought to boost 
the endometrial support for the embryo implantation 
[31]. Additionally, probiotics containing Lactobacillus 
strains can decrease the expression of pro-inflammatory 
cytokines (IFN-γ, IL-17, and IL-23) and increase the 
expression of anti-inflammatory cytokines (IL-4 and 
IL-10) in different tissues [32–34]. On the other hand, 
an optimal balance of cytokines is crucial for successful 

implantation, as excessive inflammation can disrupt this 
delicate process. So, by reducing the levels of pro-inflam-
matory cytokines and enhancing anti-inflammatory 
cytokines, probiotics may help create a more condu-
cive environment for embryo implantation. However, 
this hypothesis requires further studies to elucidate the 
precise mechanisms and confirm the beneficial effects 
of probiotics on embryo implantation. Moreover, these 
microbes are theorized to prevent pathogen colonization 
through spatial antagonism, thereby protecting the endo-
metrial niche [35]. Conversely, in a dysbiotic endometrial 
environment, ET outcomes may be adversely affected by 
alterations in bacterial communities, as such changes can 
initiate immune reactions and alter the metabolic profile 
[31].

Limitations of included primary studies
One of the limitations of the included studies is related 
to variability in probiotic interventions. Different doses 
of probiotics can lead to varying levels of vaginal and 
endometrial colonization and activity of these microor-
ganisms. Duration of probiotics administration also can 
affect the establishment and maintenance of beneficial 
vaginal and endometrial flora.

The timing of probiotic administration in relation to 
the menstrual cycle and the scheduled day of ET was also 
variable among studies. Administering probiotics when 
mucus properties support optimal bacterial adhesion 
might enhance their efficacy. Bacterial colonization in the 
female genital tract is a complex process involving inter-
actions among bacteria, host epithelial cells, and mucins, 
macromolecular glycoproteins that play a significant role 
in bacterial adhesion and colonization. Transmembrane 
mucins (MUC1, MUC4, MUC16) expressed on mucosal 
epithelial cells provide adhesive sites for vaginal bacte-
ria, facilitating their colonization, while mucus-forming 
mucins (MUC5AC, MUC5B, MUC6) secreted by goblet 
cells can both support and inhibit bacterial attachment 
depending on their levels [36, 37]. Notably, the secre-
tion of MUC5B, the major mucin component of vaginal 
mucus, fluctuates during the menstrual cycle, altering 
mucus properties and bacterial adhesion at different 
phases; during the ovulatory phase, neutral oligosaccha-
rides on mucins are more abundant, enhancing bacterial 
binding affinity, whereas acidic oligosaccharides domi-
nate during the follicular phase [36, 37]. These variations 
suggest that initiating probiotic therapy when mucin 
expression and composition are most favorable for bac-
terial adhesion may enhance the colonization efficiency 
of probiotic strains, thereby improving their beneficial 
effects on the endometrial microbiota.

Also, diverse probiotic strains were used across the 
included studies. This variability in strains could impact 
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the outcomes, as different probiotic strains have unique 
properties and health effects. Among the several available 
probiotic products, Lactobacillus is the most prominent 
genus in vaginal probiotics. Several Lactobacillus species 
have been identified as dominant or common members 
of the healthy vaginal tract, including L. rhamnosus, L. 
fermentum, L. plantarum, L. gasseri, L. acidophilus, L. 
reuteri, L. casei, and L. paracasei [38]. The primary and 
well-known mechanism of action of these strains relates 
to their ability to maintain a healthy vaginal microbiota 
and prevent bacterial vaginosis. Regulation of vaginal 
pH through the production of lactic acid is the most 
fundamental mechanism in these strains [37]; however, 
there may be additional mechanisms specific to different 
strains. For instance, some strains, like L.s jensenii, pro-
duce hydrogen peroxide, which has antimicrobial prop-
erties [39]. Certain strains like L. crispatus and L. gasseri 
produce bacteriocins, which are antimicrobial peptides 
that inhibit the growth of pathogenic bacteria [40, 41]. L. 
gasseri can also exert immunomodulatory effects via the 
Toll-like receptor 2 and NOD2-mediated phosphatidylin-
ositol 3-kinase/protein kinase B (PI3K/Akt) signaling 
pathway [38]. Additionally, L.crispatus has been shown to 
reduce the adhesion of both commensal and pathogenic 
Gardnerella vaginalis to HeLa cells [39], indicating that 
competitive exclusion of this bacterial vaginosis-associ-
ated species could play a key role in the health-promot-
ing effects of L. crispatus.

In addition to the variability in probiotic interven-
tions, individual host factors and the target population 
can also influence the efficacy of probiotics. Interindi-
vidual variability in vaginal and endometrial microbiota 
and host response to probiotics is a known confounder. 
Among the eligible included studies, none assessed the 
endometrial microbiota composition pre-intervention. 
However, there is a retrospective study by Chen et al. that 
considered a personalized treatment approach according 
to each patient’s endometrial microbiota composition. 
They administered probiotics alone or in combination 
with antibiotics in patients with RIF and found signifi-
cant improvements in pregnancy rate [24]. This raises 
a crucial question: Are probiotics universally effective, 
or do they specifically benefit patients with dysbiotic 
endometria? With advancements in microbiota assess-
ment techniques like 16S rRNA sequencing, endometrial 
microbiota assessment before ET is feasible, allowing 
for the targeted prescription of probiotics to indicated 
patients [42]. While routine assessment of endometrial 
microbiota before ET may not be practical, it could be a 
valuable approach in RIF cases.

In addition to pre-existing microbiota composition, 
another notable limitation of the included studies is the 
broad spectrum of infertility causes among participants, 

contributing to significant heterogeneity. Since not all 
infertility causes are linked to altered endometrial recep-
tivity, the indiscriminate application of probiotics across 
all infertile women may not be justified.

Another important issue is the failure of included stud-
ies in reporting the potential adverse effects of probiot-
ics. While probiotics are generally considered safe and 
are widely used in various clinical settings, it is essential 
to acknowledge and discuss the potential adverse effects 
associated with their use in the context of ART. Adverse 
events related to probiotic use are typically rare and mild 
but can occur [43]. Probiotic strains of Lactobacillus 
can exert early immunostimulatory effects that may be 
directly linked to the initial inflammation of the response 
of human macrophages [44]. Consequently, vaginal 
administration of probiotics could potentially cause 
local discomfort, irritation, or allergic reactions. On the 
other hand, during the implantation process, a balanced 
production of inflammatory and anti-inflammatory 
cytokines is critical for success. The impact of probiot-
ics on this delicate balance is not fully understood, and 
there is a potential risk that they may cause overactivated 
inflammatory reactions that could compromise embryo 
implantation. Additionally, exogenous probiotic strains 
might inadvertently disrupt the natural balance of the 
vaginal and endometrial microbiota. While the goal is 
to promote a favorable microbial environment, there is 
a risk of over-colonization by certain strains or suppres-
sion of beneficial native microbes, potentially leading to 
dysbiosis. In immunocompromised individuals, there 
have been rare reports of systemic infections caused by 
probiotic bacteria, such as bacteremia or sepsis involv-
ing Lactobacillus species [45]. Although such events 
are exceptionally uncommon, they underscore the need 
for cautious use in patients with compromised immune 
systems. The long-term safety of altering the endome-
trial microbiota on pregnancy outcomes is also not fully 
understood. Potential unintended consequences might 
include effects on fetal development or pregnancy com-
plications, although current evidence is insufficient to 
establish such associations.

Another important limitation of some of the included 
studies was the lack of proper reporting and methodo-
logical standards. This includes detailed documentation 
of probiotic formulations, delivery methods, and adher-
ence to intervention protocols. Also, it should be noted 
that with the exception of one study [21], none of the 
included studies used a placebo in their control groups. 
This absence of a placebo could potentially confound the 
effects of the intervention. Additionally, factors such as 
the semen microbiota of partners and the sexual habits 
of participants were not evaluated, yet these could sig-
nificantly influence the findings. The potential impact of 
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these uncontrolled variables should be acknowledged and 
considered when interpreting the results of the studies.

Limitations of the present review
This meta-analysis has several limitations that should be 
considered when interpreting the results:

1.	 Limited Number of Studies and Outcomes: The 
number of included studies was relatively small, par-
ticularly for outcomes beyond clinical pregnancy 
rates. While we included all six available studies for 
the meta-analysis of clinical pregnancy, fewer studies 
reported on other important outcomes such as bio-
chemical pregnancy, ongoing pregnancy, and miscar-
riage rates. Notably, critical outcomes like live birth 
rate and adverse pregnancy events were not reported 
in the included studies. The small number of studies 
and lack of data on these outcomes limit the statis-
tical power and reliability of the analyses, potentially 
affecting the generalizability of the findings.

2.	 Limited Subgroup Analyses: We were only able to 
perform subgroup analysis based on RIF status due to 
the small number of studies and inadequate report-
ing of data. The inability to conduct more extensive 
subgroup analyses restricts our understanding of 
how different patient characteristics may affect treat-
ment outcomes.

3.	 Diversity of Interventions: There was considerable 
variability in the probiotic interventions across stud-
ies. Although we focused exclusively on the vaginal 
route of administration, variations existed in probi-
otic strains, dosages, and treatment durations. This 
heterogeneity can significantly affect the consistency 
of the results and makes it challenging to draw defini-
tive conclusions about the efficacy of specific probi-
otic regimens.

4.	 Methodological Quality of Included Studies: The 
methodological quality of the included studies varied. 
Some studies lacked proper randomization, blinding, 
and placebo controls, which could introduce bias and 
affect the validity of the results. The absence of pla-
cebo-controlled designs in most studies could con-
found the observed effects of the interventions.

5.	 Diversity of Included Population: The studies 
included participants with a broad spectrum of infer-
tility causes. Since not all infertility etiologies are 
linked to altered endometrial receptivity, this diver-
sity may contribute to heterogeneity and affect the 
applicability of the results to specific subgroups.

6.	 Lack of Pre-Intervention Microbiota Assessment: 
None of the included studies assessed the endome-
trial microbiota composition prior to intervention. 
Without this information, it is unclear whether the 

patients had dysbiotic endometrial environments 
that could potentially benefit from probiotic therapy. 
This gap limits the ability to tailor treatments and 
assess their true efficacy in different microbiota con-
texts.

7.	 Individual Host Factors Not Accounted For: Indi-
vidual host factors such as genetics, diet, lifestyle, 
and pre-existing microbiota composition were not 
considered in the included studies. These factors can 
influence the efficacy of probiotic treatments and 
may lead to interindividual variability in outcomes.

8.	 Inadequate Reporting and Uncontrolled Variables: 
Some studies lacked detailed documentation of pro-
biotic formulations, delivery methods, and adherence 
to intervention protocols. Additionally, factors such 
as the semen microbiota of partners and the sexual 
habits of participants were not evaluated, yet these 
could significantly influence the findings. The poten-
tial impact of these uncontrolled variables should be 
acknowledged when interpreting the results.

Clinical implications of study findings
The findings of this meta-analysis suggest that while 
vaginal probiotics may not significantly increase clinical 
pregnancy rates, they may have a possible role in sus-
taining early pregnancy. Although the reduction in mis-
carriage rates did not reach statistical significance, the 
observed trend is clinically noteworthy and warrants fur-
ther investigation. This suggests that vaginal probiotics 
might enhance the endometrial environment or modu-
late immune responses favorably during the early stages 
of pregnancy.

For clinicians, these results highlight the potential ben-
efit of incorporating vaginal probiotics as an adjunctive 
therapy, especially in infertile patients with a history of 
RIF or miscarriages. Given the critical role of the endo-
metrial microbiota in implantation and pregnancy out-
comes, assessing the endometrial microbiota composition 
before recommending probiotics could enable a more 
personalized treatment approach. Incorporating assess-
ments of vaginal and endometrial microbiota into the 
standard evaluation of patients undergoing ART could 
help identify those who might benefit most from probiotic 
interventions. Although routine microbiota profiling may 
not be feasible in all settings due to cost and accessibility 
constraints, prioritizing it for patients with unexplained 
infertility or repeated ART failures could be valuable. This 
personalized approach aligns with the trend toward preci-
sion medicine in reproductive health care.

The variability in probiotic strains, dosages, and treat-
ment durations observed across studies underscores the 
need for standardization in clinical practice. Clinicians 
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should be aware that different probiotic strains possess 
unique properties and mechanisms of action. Establishing 
standardized protocols for probiotic selection, optimal dos-
ages, and appropriate treatment durations is not well estab-
lished yet. Selecting probiotic strains with well-established 
safety profiles is crucial. Clinicians should opt for strains 
that have been extensively studied and are known to be safe 
for vaginal use, minimizing the risk of adverse reactions. 
Until consensus guidelines are developed, practitioners 
should consider using probiotics with well-characterized 
strains known for their beneficial effects on vaginal and 
endometrial health. Also, clinicians should vigilantly moni-
tor patients receiving probiotic therapy for any adverse 
effects, particularly during the sensitive period surround-
ing ET and early pregnancy. Any adverse events should be 
thoroughly documented and reported to contribute to the 
overall understanding of probiotic safety in ART.

The timing of probiotic administration may also signifi-
cantly influence their efficacy. Initiating probiotic therapy 
at a phase in the menstrual cycle when mucin expression 
and composition are most conducive to bacterial adhe-
sion could enhance the colonization efficiency of ben-
eficial strains. Clinicians should consider the menstrual 
cycle dynamics when prescribing probiotics to maximize 
their therapeutic potential.

While probiotics are generally considered safe, it is 
essential for clinicians to monitor patients for any adverse 
effects, especially since the patient population undergo-
ing ART may have heightened sensitivities. Counseling 
patients about the possible benefits and limitations of 
probiotic therapy is important for setting realistic expec-
tations and ensuring informed consent. Also, probiotic 
use may not be appropriate for all patients, including 
those with severe immunodeficiency, known allergies to 
probiotic components, and RIF resulting from confirmed 
immunological factors. It is essential to assess patient 
history and contraindications before starting therapy.

Finally, the integration of vaginal probiotics into clini-
cal practice holds promise as a supportive strategy for 
improving reproductive outcomes in infertile women 
undergoing ART, particularly for patients with RIF or a 
history of miscarriage. However, the current evidence 
indicates a need for high-quality, well-designed RCTs to 
validate the efficacy of vaginal probiotics in improving ET 
outcomes and supporting their safety in ART context. By 
embracing standardized protocols and supporting ongo-
ing research, the medical community can advance the 
understanding of probiotics in reproductive health.

Recommendations for future studies
To advance the understanding of vaginal probiotics as 
therapeutic adjuncts in ET outcomes, future research 
should consider the following recommendations:

1.	 Standardization of Probiotic Interventions:

◦ Probiotic Strains: There are several recognized 
mechanisms for different Lactobacillus strains, such 
as the production of lactic acid, hydrogen peroxide, 
and bacteriocin, immune modulation, and competi-
tive exclusion, providing some insight into how dif-
ferent strains may impact reproductive health. How-
ever, it should be noted that our understanding of 
the specific effects of individual probiotic strains on 
the reproductive system, particularly the endome-
trial microbiota, is limited. Most existing literature 
focuses on the role of probiotics in the gastrointesti-
nal tract or the vaginal environment, with compara-
tively little research dedicated to their impact on the 
endometrium. Consequently, the differences that 
each probiotic strain may pose in the reproductive 
system and among infertile women remain largely 
unknown. Future studies should identify and stand-
ardize specific probiotic strains with the most thera-
peutic potential. Given that different strains, such as 
L. crispatus, L. gasseri, and L. jensenii, have unique 
mechanisms of action, pinpointing the most effec-
tive strains is essential.
◦ Dosage and Duration: Determining the optimal 
dosage and duration of probiotic administration is 
crucial. Consistent dosing regimens will help estab-
lish the levels of colonization needed for beneficial 
effects on the vaginal and endometrial microbiota.
◦ Timing of Probiotic Administration: Researchers 
should investigate the optimal timing of probiotic 
administration in relation to the menstrual cycle and 
ET. Since mucin composition and secretion fluctu-
ate throughout the cycle, affecting bacterial adhe-
sion, initiating therapy when mucin properties favor 
colonization may enhance efficacy. Also, finding the 
most effective and safe interval between probiotic 
therapy and the scheduled day of ET could maxi-
mize the positive impact on endometrial receptivity 
and implantation success

2.	 Personalized Treatment Approaches:

◦ Microbiota Assessment: Implementing assess-
ments of the endometrial and vaginal microbiota 
prior to intervention can help tailor probiotic ther-
apy to individual needs, especially in patients with 
RIF.
◦ Targeted Populations: Studies should consider 
stratifying participants based on specific infertility 
causes linked to altered endometrial receptivity to 
determine if probiotics are particularly beneficial 
in these subgroups.
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3.	 Enhanced Study Designs:

◦ Methodological Rigor: Future research should 
prioritize robust methodological designs, includ-
ing proper randomization, blinding, and the use of 
placebo controls to minimize bias.
◦ Comprehensive Reporting: Detailed documenta-
tion of probiotic formulations, delivery methods, 
adherence to protocols, and participant compli-
ance should be standard to improve reproducibil-
ity and interpretation. Also, improved and stand-
ardized reporting of study data, including detailed 
participant characteristics and outcome measures, 
will facilitate more robust subgroup analyses.

4.	 Exploration of Mechanisms:

◦ Immunological Investigations: Further studies 
are needed to elucidate the precise mechanisms by 
which probiotics influence cytokine balance and 
modulate the immune response during implanta-
tion.
◦ Molecular Pathways: Research into specific 
signaling pathways affected by different probiotic 
strains will enhance understanding of how these 
interventions support embryo implantation.

5.	 Consideration of Host Factors:

◦ Genetic and Lifestyle Factors: Accounting for 
individual host factors such as genetics, diet, and 
lifestyle can help in interpreting variations in pro-
biotic efficacy and tailoring treatments accordingly.
◦ Partner Factors: Evaluating the semen micro-
biota of partners and sexual habits may provide 
insights into additional variables that influence the 
vaginal and endometrial microbiota.

6.	 Larger, Multicenter Trials:

◦ Increased Sample Sizes: Conducting studies with 
larger participant numbers will improve the statisti-
cal power and generalizability of findings.
◦ Diverse Populations: Including a broader range of 
demographic and geographic populations can help 
determine the universal applicability of probiotic 
interventions. Future research should aim to explore 
the efficacy of probiotics across different infertil-
ity etiologies, age groups, and other relevant patient 
subgroups. This approach will help identify popula-
tions that may derive the most benefit from probi-
otic therapies.

7.	 Focus on Specific Outcomes:

◦ Implantation and Live Birth Rates: Future studies 
should prioritize the reporting of essential reproduc-
tive outcomes, such as live birth rates, miscarriage 
rates, and adverse pregnancy events. Including these 
outcomes will provide a more complete understand-
ing of the effectiveness and safety of probiotic inter-
ventions in the context of ART.
◦ Long-term Effects: Investigating the long-term 
reproductive outcomes and potential impacts on off-
spring health will provide a more complete picture 
of probiotic benefits.
◦ Potential Adverse Effects of Probiotic Use: Future 
studies should systematically assess and report any 
adverse events associated with probiotic administra-
tion to build a comprehensive safety profile. This will 
aid in identifying rare but significant risks, guiding safe 
clinical practices, and informing patient counseling.

By addressing these recommendations, future studies 
can overcome current limitations and contribute valua-
ble knowledge to the field of reproductive medicine. This 
will aid in determining the true efficacy of vaginal probi-
otics in improving ET outcomes and potentially lead to 
personalized, effective interventions for infertile women 
undergoing ART.

Conclusion
In conclusion, our systematic review and meta-analysis 
suggest that vaginal probiotics may offer a non-signifi-
cant increase in clinical pregnancy rates and a potential 
reduction in miscarriage rates when used as an adjunc-
tive treatment in ET cycles. However, the evidence is not 
robust enough to draw definitive conclusions due to the 
small number of included studies, variability in study 
designs, probiotic interventions, and participant char-
acteristics. Future well-designed randomized controlled 
trials with standardized probiotic regimens and com-
prehensive reporting are needed to better understand 
the role of vaginal probiotics in improving ET outcomes. 
Personalized approaches considering individual micro-
biota compositions and specific infertility causes may 
enhance the efficacy of probiotic treatments in ART.

Abbreviations
ART​	� Assisted reproductive techniques
ET	� Embryo transfer
RCTs	� Randomized clinical trials
ICTRP	� International Clinical Trials Registry Platform
ROB-2	� Risk of Bias 2
ROBINS-I	� Risk of Bias in Non-randomized Studies of Interventions
CMA	� Comprehensive Meta-Analysis
RIF	� Implantation failure



Page 18 of 19Maleki‑Hajiagha et al. BMC Pregnancy and Childbirth          (2025) 25:262 

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12884-​025-​07338-0.

Supplementary Material 1.

Supplementary Material 2.

Supplementary Material 3.

Supplementary Material 4.

Acknowledgements
Not applicable.

Authors’ contributions
All authors contributed to the study conception and design and commented 
on previous versions of the manuscript. All authors read and approved the 
final manuscript. A detailed contribution statement is provided below: AM-H: 
Data collection (systematic search, and risk of bias assessment), manuscript 
original draft preparation, statical analyses, and study graphs and graphical 
abstract designing; RK: Data collection (study selection, data extraction, and 
risk of bias assessment) and manuscript editing; SA: Data collection (study 
selection and data extraction); NE: Data collection (study selection and data 
extraction); FA: Study conceptualization; supervision, interpretation of results; 
manuscript critical review and editing.

Funding
The research team received no specific grant from public, commercial, or not-
for-profit funding agencies for performing or reporting this study.

Data availability
The data collection forms, data extracted from included studies, data used for 
all analyses, and the full list of screened titles in this review are not publicly 
available. However, they will be made available for reasonable requests. To 
obtain access to the raw data analyzed in this study, please contact [Arezoo 
Maleki-Hajiagha] at [Arezoomaleki.h@yahoo.com].

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Anatomy, School of Medicine, Tehran University of Medical 
Sciences, Pour Sina St, Tehran 1416753955, Iran. 2 Students’ Scientific Research 
Center (SSRC), Tehran University of Medical Sciences, Tehran, Iran. 3 Depart-
ment of Obstetrics and Gynecology, Arash Women’S Hospital, Tehran Univer-
sity of Medical Sciences, Tehran, Iran. 4 Department of Obstetrics and Gynecol-
ogy, School of Medicine, Tehran University of Medical Sciences, Tehran, Iran. 

Received: 24 October 2024   Accepted: 17 February 2025

References
	1.	 Farquhar C, Marjoribanks J. Assisted reproductive technology: An over-

view of Cochrane Reviews. Cochrane Database of Systematic Reviews 
2018;8:CD010537. https://​doi.​org/​10.​1002/​14651​858.​CD010​537.​pub5.

	2.	 Zinaman MJ, Clegg ED, Brown CC, O’Connor J, Selevan SG. Estimates of 
human fertility and pregnancy loss. Fertil Steril. 1996;65:503–9. https://​
doi.​org/​10.​1016/​s0015-​0282(16)​58144-8.

	3.	 Larsen EC, Christiansen OB, Kolte AM, Macklon N. New insights into 
mechanisms behind miscarriage. BMC Med. 2013;11:154. https://​doi.​org/​
10.​1186/​1741-​7015-​11-​154.

	4.	 Kolte AM, Bernardi LA, Christiansen OB, Quenby S, Farquharson RG, 
Goddijn M, et al. Terminology for pregnancy loss prior to viability: A con-
sensus statement from the ESHRE early pregnancy special interest group. 
Hum Reprod. 2015;30:495–8. https://​doi.​org/​10.​1093/​humrep/​deu299.

	5.	 Toson B, Simon C, Moreno I. The endometrial microbiome and its impact 
on human conception. Int J Mol Sci. 2022;23:485. https://​doi.​org/​10.​3390/​
ijms2​30104​85.

	6.	 Pendharkar S, Skafte-Holm A, Simsek G, Haahr T. Lactobacilli and Their 
Probiotic Effects in the Vagina of Reproductive Age Women. Microorgan-
isms. 2023;11:636. https://​doi.​org/​10.​3390/​micro​organ​isms1​10306​36.

	7.	 Di Simone N, Santamaria Ortiz A, Specchia M, Tersigni C, Villa P, Gasbarrini 
A, et al. Recent Insights on the Maternal Microbiota: Impact on Pregnancy 
Outcomes. Front Immunol. 2020;11:528202. https://​doi.​org/​10.​3389/​
fimmu.​2020.​528202.

	8.	 Kyono K, Hashimoto T, Kikuchi S, Nagai Y, Sakuraba Y. A pilot study and 
case reports on endometrial microbiota and pregnancy outcome: An 
analysis using 16S rRNA gene sequencing among IVF patients, and trial 
therapeutic intervention for dysbiotic endometrium. Reprod Med Biol. 
2018;18:72–82. https://​doi.​org/​10.​1002/​RMB2.​12250.

	9.	 Moreno I, Garcia-Grau I, Perez-Villaroya D, Gonzalez-Monfort M, Bahçeci 
M, Barrionuevo MJ, et al. Endometrial microbiota composition is associ-
ated with reproductive outcome in infertile patients. Microbiome. 
2022;10:1. https://​doi.​org/​10.​1186/​s40168-​021-​01184-w.

	10.	 Bui BN, van Hoogenhuijze N, Viveen M, Mol F, Teklenburg G, de Bruin JP, 
et al. The endometrial microbiota of women with or without a live birth 
within 12 months after a first failed IVF/ICSI cycle. Sci Rep. 2023;13:3444. 
https://​doi.​org/​10.​1038/​s41598-​023-​30591-2.

	11.	 Koedooder R, Singer M, Schoenmakers S, Savelkoul PHM, Morré SA, De 
Jonge JD, et al. The vaginal microbiome as a predictor for outcome of 
in vitro fertilization with or without intracytoplasmic sperm injection: a 
prospective study. Hum Reprod. 2019;34:1042–54. https://​doi.​org/​10.​
1093/​HUMREP/​DEZ065.

	12.	 Favaron A, Turkgeldi E, Elbadawi M, Gaisford S, Basit AW, Orlu M. Do 
probiotic interventions improve female unexplained infertility? A critical 
commentary Reprod Biomed Online. 2024;48:103734. https://​doi.​org/​10.​
1016/J.​RBMO.​2023.​103734.

	13.	 Corbett GA, Crosby DA, McAuliffe FM. Probiotic therapy in couples with 
infertility: A systematic review. European Journal of Obstetrics and Gyne-
cology and Reproductive Biology. 2021;256:95–100. https://​doi.​org/​10.​
1016/j.​ejogrb.​2020.​10.​054.

	14.	 López-Moreno A, Aguilera M. Vaginal probiotics for reproductive health 
and related dysbiosis: Systematic review and meta-analysis. J Clin Med. 
2021;10:1461. https://​doi.​org/​10.​3390/​jcm10​071461.

	15.	 Blancafort C, Llácer J. Can probiotics enhance fertility outcome? Capacity 
of probiotics as a single intervention to improve the feminine genital 
tract microbiota in non-symptomatic reproductive-aged women. Front 
Endocrinol (Lausanne). 2023;13:1081830. https://​doi.​org/​10.​3389/​fendo.​
2022.​10818​30.

	16.	 Zegers-Hochschild F, Adamson GD, Dyer S, Racowsky C, De Mouzon J, 
Sokol R, et al. The International Glossary on Infertility and Fertility Care, 
2017. Hum Reprod. 2017;32:1786–801. https://​doi.​org/​10.​1093/​HUMREP/​
DEX234.

	17.	 Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. 
RoB 2: A revised tool for assessing risk of bias in randomised trials. The 
BMJ. 2019;366:l4898. https://​doi.​org/​10.​1136/​bmj.​l4898.

	18.	 Sterne JA, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M, 
et al. ROBINS-I: A tool for assessing risk of bias in non-randomised studies 
of interventions. BMJ (Online). 2016;355:i4919. https://​doi.​org/​10.​1136/​
bmj.​i4919.

	19.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, 
et al. The PRISMA 2020 statement: An updated guideline for reporting 
systematic reviews. The BMJ. 2021;372:n71. https://​doi.​org/​10.​1136/​bmj.​
n71.

	20.	 Gilboa Y, Bar-Hava I, Fisch B, Ashkenazi J, Voliovitch I, Borkowski T, et al. 
Does intravaginal probiotic supplementation increase the pregnacy rate 
in IVF-embryo transfer cycles? Reprod Biomed Online. 2005;11:71–5. 
https://​doi.​org/​10.​1016/​S1472-​6483(10)​61301-6.

https://doi.org/10.1186/s12884-025-07338-0
https://doi.org/10.1186/s12884-025-07338-0
https://doi.org/10.1002/14651858.CD010537.pub5
https://doi.org/10.1016/s0015-0282(16)58144-8
https://doi.org/10.1016/s0015-0282(16)58144-8
https://doi.org/10.1186/1741-7015-11-154
https://doi.org/10.1186/1741-7015-11-154
https://doi.org/10.1093/humrep/deu299
https://doi.org/10.3390/ijms23010485
https://doi.org/10.3390/ijms23010485
https://doi.org/10.3390/microorganisms11030636
https://doi.org/10.3389/fimmu.2020.528202
https://doi.org/10.3389/fimmu.2020.528202
https://doi.org/10.1002/RMB2.12250
https://doi.org/10.1186/s40168-021-01184-w
https://doi.org/10.1038/s41598-023-30591-2
https://doi.org/10.1093/HUMREP/DEZ065
https://doi.org/10.1093/HUMREP/DEZ065
https://doi.org/10.1016/J.RBMO.2023.103734
https://doi.org/10.1016/J.RBMO.2023.103734
https://doi.org/10.1016/j.ejogrb.2020.10.054
https://doi.org/10.1016/j.ejogrb.2020.10.054
https://doi.org/10.3390/jcm10071461
https://doi.org/10.3389/fendo.2022.1081830
https://doi.org/10.3389/fendo.2022.1081830
https://doi.org/10.1093/HUMREP/DEX234
https://doi.org/10.1093/HUMREP/DEX234
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.i4919
https://doi.org/10.1136/bmj.i4919
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/S1472-6483(10)61301-6


Page 19 of 19Maleki‑Hajiagha et al. BMC Pregnancy and Childbirth          (2025) 25:262 	

	21.	 Tanha FD, Rahmani Z, Rezaei Z, Asbagh FA, Ebrahimi M, Quchani SH, et al. 
The effect of normalizing vaginal microbiome using Lactovag in improv-
ing pregnancy outcomes in frozen embryo transfer cycles: a randomized 
clinical trial. Arch Gynecol Obstet. 2023;308:1587–92. https://​doi.​org/​10.​
1007/​s00404-​023-​07147-w.

	22.	 Naghi Jafarabadi M, Hadavi F, Ahmadi M, Masoumi M, Zabihzadeh S. 
Intravaginal probiotics before embryo transfer do not improve pregnancy 
rates in recurrent implantation failure cases: An RCT. Int J Reprod Biomed. 
2024;22:363–74. https://​doi.​org/​10.​18502/​IJRM.​V22I5.​16435.

	23.	 Pengying X, Microecology YX-CJ of, 2023 undefined. The application of 
lactobacillus vaginal capsule adjuvant therapy in patients with repeated 
implantation failure of ART. Chinese J Microecology. 2023;35:817–20. 
https://​doi.​org/​10.​13381/j.​cnki.​cjm.​20230​7013.

	24.	 Chen RZ, Wang YF, Chen PG, Fang C, Li TT. Clinical application of the 
endometrial microbiota test combined with personalized treatment in 
patients with repeated implantation failure. Reprod Dev Med. 2024;8:18–
23. https://​doi.​org/​10.​1097/​RD9.​00000​00000​000085.

	25.	 Wei Q, Chen H, Zou H, Zhang H, Liu S, Zheng J, et al. Impact of vaginal 
microecological differences on pregnancy outcomes and endometrial 
microbiota in frozen embryo transfer cycles. J Assist Reprod Genet. 
2024;41:929–38. https://​doi.​org/​10.​1007/​s10815-​024-​03066-0.

	26.	 Thanaboonyawat I, Pothisan S, Petyim S, Laokirkkiat P. Pregnancy out-
comes after vaginal probiotic supplementation before frozen embryo 
transfer: a randomized controlled study. Sci Rep. 2023;13:11892. https://​
doi.​org/​10.​1038/​s41598-​023-​39078-6.

	27.	 Santana ASA, Póvoa AM. Female genital tract microbiome: the influ-
ence of probiotics on assisted reproduction. Rev Bras Ginecol Obstet. 
2024;46:e-rbgo82. https://​doi.​org/​10.​61622/​RBGO/​2024R​BGO82.

	28.	 Hashimoto T, Kyono K. Does dysbiotic endometrium affect blastocyst 
implantation in IVF patients? J Assist Reprod Genet. 2019;36:2471–9. 
https://​doi.​org/​10.​1007/​s10815-​019-​01630-7.

	29.	 Rokhsartalab Azar P, Karimi S, Haghtalab A, Taram S, Hejazi M, Sadeghpour 
S, et al. The role of the endometrial microbiome in embryo implantation 
and recurrent implantation failure. J Reprod Immunol. 2024;162:104192. 
https://​doi.​org/​10.​1016/j.​jri.​2024.​104192.

	30.	 Einenkel R, Zygmunt M, Muzzio DO. Microorganisms in the healthy upper 
reproductive tract: from denial to beneficial assignments for reproduc-
tive biology. Reprod Biol. 2019;19:113–8. https://​doi.​org/​10.​1016/j.​repbio.​
2019.​04.​001.

	31.	 Fu M, Zhang X, Liang Y, Lin S, Qian W, Fan S. Alterations in vaginal micro-
biota and associated metabolome in women with recurrent implanta-
tion failure. MBio. 2020;11:e03242-e3319. https://​doi.​org/​10.​1128/​mBio.​
03242-​19.

	32.	 Yin M, Yan X, Weng W, Yang Y, Gao R, Liu M, et al. Micro Integral Mem-
brane Protein (MIMP), a Newly Discovered Anti-Inflammatory Protein of 
Lactobacillus Plantarum, Enhances the Gut Barrier and Modulates Micro-
biota and Inflammatory Cytokines. Cell Physiol Biochem. 2018;45:474–90. 
https://​doi.​org/​10.​1159/​00048​7027.

	33.	 Jiang L, Liu D, Hu X. Effects of Lactobacillus on Interleukin-4 (IL-4), Tumour 
Necrosis Factor-Alpha (TNF-Alpha) and Immune Function in Allergic 
Rhinitis Rats. J Biomater Tissue Eng. 2021;12:221–5. https://​doi.​org/​10.​
1166/​JBT.​2022.​2878.

	34.	 Aghamohammad S, Sepehr A, Miri ST, Najafi S, Pourshafie MR, Rohani M. 
Anti-inflammatory and immunomodulatory effects of Lactobacillus spp. 
as a preservative and therapeutic agent for IBD control. Immun Inflamm 
Dis 2022;10:e635. https://​doi.​org/​10.​1002/​IID3.​635.

	35.	 Benner M, Ferwerda G, Joosten I, van der Molen RG. How uterine micro-
biota might be responsible for a receptive, fertile endometrium. Hum 
Reprod Update. 2018;24:393–415. https://​doi.​org/​10.​1093/​humupd/​
dmy012.

	36.	 Taherali F, Varum F, Basit AW. A slippery slope: On the origin, role and 
physiology of mucus. Adv Drug Deliv Rev. 2018;124:16–33. https://​doi.​
org/​10.​1016/J.​ADDR.​2017.​10.​014.

	37.	 Portal C, Gouyer V, Magnien M, Plet S, Gottrand F, Desseyn JL. In vivo 
imaging of the Muc5b gel-forming mucin. Sci Rep. 2017;7:44591. https://​
doi.​org/​10.​1038/​SREP4​4591.

	38.	 Petrova MI, Lievens E, Malik S, Imholz N, Lebeer S. Lactobacillus species 
as biomarkers and agents that can promote various aspects of vaginal 
health. Front Physiol 2015;6. https://​doi.​org/​10.​3389/​fphys.​2015.​00081.

	39.	 Mashatan N, Heidari R, Altafi M, Amini A, Ommati MM, Hashemzaei M. 
Probiotics in vaginal health. Pathog Dis 2023;81:ftad012. https://​doi.​org/​
10.​1093/​FEMSPD/​FTAD0​12.

	40.	 Giordani B, Costantini PE, Fedi S, Cappelletti M, Abruzzo A, Parolin C, et al. 
Liposomes containing biosurfactants isolated from Lactobacillus gasseri 
exert antibiofilm activity against methicillin resistant Staphylococcus 
aureus strains. Eur J Pharm Biopharm. 2019;139:246–52. https://​doi.​org/​
10.​1016/J.​EJPB.​2019.​04.​011.

	41.	 De Gregorio PR, Parolin C, Abruzzo A, Luppi B, Protti M, Mercolini L, et al. 
Biosurfactant from vaginal Lactobacillus crispatus BC1 as a promising 
agent to interfere with Candida adhesion. Microb Cell Fact. 2020;19:1–16. 
https://​doi.​org/​10.​1186/​S12934-​020-​01390-5/​FIGUR​ES/7.

	42.	 Molina NM, Sola-Leyva A, Haahr T, Aghajanova L, Laudanski P, Castilla JA, 
et al. Analysing endometrial microbiome: Methodological considerations 
and recommendations for good practice. Hum Reprod. 2021;36:859–79. 
https://​doi.​org/​10.​1093/​humrep/​deab0​09.

	43.	 Guarner F, Ellen Sanders M, Szajewska H, Cohen H, Eliakim R, Herrera C, 
et al. World Gastroenterology Organisation Global Guidelines for Probiot-
ics and prebiotics. World Gastroenterology Organisation 2023. https://​
www.​world​gastr​oente​rology.​org/​guide​lines/​probi​otics-​and-​prebi​otics/​
probi​otics-​and-​prebi​otics-​engli​sh. Accessed 4 Feb 2025.

	44.	 Rocha-Ramírez LM, Pérez-Solano RA, Castañón-Alonso SL, Moreno Guer-
rero SS, Ramírez Pacheco A, García Garibay M, et al. Probiotic Lactobacil-
lus Strains Stimulate the Inflammatory Response and Activate Human 
Macrophages. J Immunol Res. 2017;2017:4607491. https://​doi.​org/​10.​
1155/​2017/​46074​91.

	45.	 Costa RL, Moreira J, Lorenzo A, Lamas CC. Infectious complications fol-
lowing probiotic ingestion: A potentially underestimated problem? A 
systematic review of reports and case series. BMC Complement Altern 
Med. 2018;18:1–8. https://​doi.​org/​10.​1186/​S12906-​018-​2394-3/​TABLES/3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s00404-023-07147-w
https://doi.org/10.1007/s00404-023-07147-w
https://doi.org/10.18502/IJRM.V22I5.16435
https://doi.org/10.13381/j.cnki.cjm.202307013
https://doi.org/10.1097/RD9.0000000000000085
https://doi.org/10.1007/s10815-024-03066-0
https://doi.org/10.1038/s41598-023-39078-6
https://doi.org/10.1038/s41598-023-39078-6
https://doi.org/10.61622/RBGO/2024RBGO82
https://doi.org/10.1007/s10815-019-01630-7
https://doi.org/10.1016/j.jri.2024.104192
https://doi.org/10.1016/j.repbio.2019.04.001
https://doi.org/10.1016/j.repbio.2019.04.001
https://doi.org/10.1128/mBio.03242-19
https://doi.org/10.1128/mBio.03242-19
https://doi.org/10.1159/000487027
https://doi.org/10.1166/JBT.2022.2878
https://doi.org/10.1166/JBT.2022.2878
https://doi.org/10.1002/IID3.635
https://doi.org/10.1093/humupd/dmy012
https://doi.org/10.1093/humupd/dmy012
https://doi.org/10.1016/J.ADDR.2017.10.014
https://doi.org/10.1016/J.ADDR.2017.10.014
https://doi.org/10.1038/SREP44591
https://doi.org/10.1038/SREP44591
https://doi.org/10.3389/fphys.2015.00081
https://doi.org/10.1093/FEMSPD/FTAD012
https://doi.org/10.1093/FEMSPD/FTAD012
https://doi.org/10.1016/J.EJPB.2019.04.011
https://doi.org/10.1016/J.EJPB.2019.04.011
https://doi.org/10.1186/S12934-020-01390-5/FIGURES/7
https://doi.org/10.1093/humrep/deab009
https://www.worldgastroenterology.org/guidelines/probiotics-and-prebiotics/probiotics-and-prebiotics-english
https://www.worldgastroenterology.org/guidelines/probiotics-and-prebiotics/probiotics-and-prebiotics-english
https://www.worldgastroenterology.org/guidelines/probiotics-and-prebiotics/probiotics-and-prebiotics-english
https://doi.org/10.1155/2017/4607491
https://doi.org/10.1155/2017/4607491
https://doi.org/10.1186/S12906-018-2394-3/TABLES/3

	Vaginal probiotics as therapeutic adjuncts for improving embryo transfer success rates: a systematic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	PROSPERO Registration Code 

	Introduction
	Methods
	Study PICOs
	Inclusion and exclusion criteria
	Search strategy
	Core databases
	Grey literature

	Study selection
	Data extraction
	Handling of missing data

	Quality appraisal
	ROB 2 tool
	ROBINS-I tool

	Statistical analysis
	Assessment of heterogeneity
	Sensitivity analysis
	Subgroup analyses
	Assessment of publication bias


	Results
	Summary of the literature search
	Study characteristics
	Quality of included studies and risk of bias
	Results of meta-analysis
	Clinical pregnancy rate
	Biochemical pregnancy rate
	Ongoing pregnancy rate
	Miscarriage
	Other outcomes


	Discussion
	Summary of study findings
	Comparison of study findings with previous reviews
	Hypothesis and potential mechanisms of action
	Limitations of included primary studies
	Limitations of the present review
	Clinical implications of study findings
	Recommendations for future studies

	Conclusion
	Acknowledgements
	References


