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Abstract 

Preterm birth (PTB), defined as delivery before 37 completed weeks of gestation, remains a major 

contributor to neonatal morbidity and mortality worldwide. Bacterial vaginosis (BV), characterised 

by disruption of the normal Lactobacillus-dominated vaginal microbiota and overgrowth of 

anaerobic bacteria, has been proposed as a potentially modifiable risk factor for PTB. However, the 

strength and consistency of this association remain uncertain. The aim of this study was to 

systematically review and quantitatively synthesise observational evidence on the association 

between BV and PTB in pregnant women using studies published between 2010 and 2026. A 

systematic review and meta-analysis were conducted in accordance with the PRISMA 2020 

guidelines. Searches were performed in PubMed, Scopus, Web of Science, and DiVA. Study quality 

was assessed using the Newcastle-Ottawa Scale (NOS), and a random-effects meta-analysis was 

conducted using R statistical software. Ten observational studies involving 2,551,739 pregnant 

women from nine countries met the inclusion criteria. The pooled odds ratio was 1.81 (95% CI: 1.26–

2.61; p = 0.005), indicating significantly higher odds of PTB among BV-positive women. Moderate 

heterogeneity was observed (I² = 44.5%; Q = 16.22; p = 0.063), and Egger's test showed no 

statistically significant evidence of publication bias (p = 0.398). Subgroup analysis demonstrated a 

weaker but still significant association in high-quality studies (NOS ≥7; OR 1.50, 95% CI: 1.04–2.16), 

while leave-one-out sensitivity analysis confirmed the robustness of the findings. Overall, BV was 

associated with an increased risk of PTB across diverse populations. However, the reduced effect 

estimates in higher-quality studies and inconsistent evidence regarding BV-targeted interventions 

suggest that the relationship may be more complex than a simple causal pathway. Further research 

should focus on standardised molecular diagnostic methods and targeted preventive strategies for 

women at greatest risk. 

Keywords: bacterial vaginosis, preterm birth, pregnancy, systematic review, meta-analysis, 

vaginal microbiome. 
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Popular Scientific Summary 

Each year, approximately 13 million babies are born prematurely, before 37 completed weeks of 

pregnancy. Preterm birth is one of the leading causes of neonatal illness and death worldwide. Babies 

born too early are at increased risk of breathing difficulties, infections, developmental delays, and 

long-term complications affecting vision, hearing, and learning. 

One possible risk factor for preterm birth is bacterial vaginosis (BV), the most common vaginal 

condition among women of reproductive age. In a healthy vagina, beneficial Lactobacillus bacteria 

help maintain an acidic environment that protects against harmful microorganisms. BV develops 

when this natural balance is disrupted and other bacteria become dominant. 

Many women with BV have no symptoms, meaning the condition often remains undiagnosed. 

Previous research suggests that BV-associated bacteria may ascend into the uterus and trigger 

inflammatory responses that can weaken the fetal membranes, promote cervical changes, and 

increase the likelihood of labor occurring too early. However, studies investigating the relationship 

between BV and preterm birth have produced inconsistent findings. 

This thesis examined the association between BV and preterm birth through a systematic review and 

meta-analysis of observational studies published between 2010 and 2026. Ten studies from nine 

countries, including more than 2.5 million pregnant women, were included. 

The analysis showed that women with BV had 81% higher odds of preterm birth than women without 

BV. The findings remained robust in sensitivity analyses, although the association was weaker when 

only high-quality studies were included, suggesting that methodological differences may influence 

the estimated effect. 

Despite the observed association, large clinical trials have not consistently demonstrated that 

antibiotic treatment of BV reduces the risk of preterm birth. This indicates that the relationship 

between BV and preterm birth is likely to be more complex than a simple cause-and-effect 

relationship. 

Overall, the findings suggest that BV is associated with an increased risk of preterm birth and may be 

useful in pregnancy risk assessment. However, current evidence does not support routine antibiotic 

treatment solely to prevent preterm birth. Further research using standardized molecular diagnostic 

methods and targeted interventions in women at highest risk is needed to improve maternal and 

neonatal health outcomes. 
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Introduction 

1.1 Preterm Birth: A Major Global Health Challenge.  

Preterm birth, defined by the World Health Organization as delivery before 37 completed weeks of 

gestation, represents one of the leading causes of neonatal mortality and morbidity worldwide. Every 

year, approximately 13.4 million babies are born prematurely, accounting for roughly 10% of all live 

births globally. Despite decades of substantial clinical investment and technological advances in 

neonatal care, the global incidence of preterm birth has shown no meaningful decline since the 1990s, 

remaining at persistently high levels across most regions. The consequences of premature delivery 

extend far beyond the immediate neonatal period. Preterm infants face significant acute risks, 

including respiratory distress syndrome, infection, intraventricular hemorrhage, and feeding 

difficulties requiring intensive care support. Among those who survive, the long-term health burden 

is considerable. Chronic lung disease, cerebral palsy, neurodevelopmental impairment, visual and 

hearing deficits, and cognitive delays affect a substantial proportion of preterm survivors. Beyond 

childhood, emerging evidence indicates increased susceptibility to metabolic disease, hypertension, 

and cardiovascular disease in adulthood—suggesting that preterm birth confers lifelong health risks. 

These medical, educational, and social consequences impose profound emotional, economic, and 

systemic burdens on families, healthcare systems, and societies globally. Preterm birth is classified 

by gestational age into three prognostically distinct categories: moderate to late preterm (32-36 

weeks), very preterm (28-31 weeks), and extremely preterm (below 28 weeks). These categories 

carry dramatically different risks: extremely preterm infants face survival rates below 50% in 

resource-limited settings, and even survivors frequently experience severe neurodevelopmental 

sequelae. This classification is clinically important because it determines management decisions 

regarding antenatal interventions, resuscitation thresholds, and neonatal intensive care strategies. 

Geographic variation in preterm birth rates is substantial and reflects underlying disparities in risk 

factors and healthcare systems. Northern European countries report rates as low as 5%, while parts 

of sub-Saharan Africa and South Asia experience rates exceeding 15-18%. This variation reflects 

differences in maternal health status, socioeconomic conditions, infectious disease burden, access to 

antenatal care, and the quality of obstetric services. Understanding the causes of preterm birth and 

identifying modifiable risk factors is therefore crucial for global maternal and child health. 
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1.2 What Causes Preterm Birth? The Role of Infection and Inflammation 

Preterm birth is not a single disease with a uniform cause, but rather a syndrome—meaning multiple 

different pathways can lead to premature delivery. Recognized etiological contributors include 

placental insufficiency, maternal hypertension, uterine overdistension (in multiple pregnancy), 

maternal stress, cervical insufficiency, and immune maladaptation at the maternal-fetal interface. 

Among these diverse mechanisms, infection and inflammation occupy a central position, estimated 

to contribute to 25-40% of all spontaneous preterm births. 

The biological mechanism linking infection to preterm birth is well-characterized. Bacteria from the 

lower genital tract can ascend through the cervix into the uterine cavity, where they colonize the 

decidua, fetal membranes, and potentially the amniotic fluid. This ascending infection triggers a 

cascade of innate immune activation. Bacterial pattern recognition receptors activate pro-

inflammatory pathways leading to increased interleukin-1β (IL-1β), interleukin-6 (IL-6), interleukin-

8 (IL-8), and tumor necrosis factor-α (TNF-α). These cytokines stimulate prostaglandin synthesis, 

which promotes uterine contractility and cervical ripening—ultimately initiating premature labor. 

A critical feature of infection-related preterm birth is that it frequently occurs without obvious 

clinical signs. Women may experience no fever, no abdominal pain, and no classic signs of infection, 

yet bacteria within the uterine cavity may be silently triggering the inflammatory cascade. This 

subclinical nature makes the identification of vaginal risk factors particularly important for early 

detection and potential prevention strategies. 

1.3 Bacterial Vaginosis: A Common Condition in Pregnancy 

Bacterial vaginosis (BV) is characterized by a profound disruption of the normal vaginal microbiota. 

In healthy conditions, the vagina is dominated by Lactobacillus species—principally Lactobacillus 

crispatus, Lactobacillus iners, Lactobacillus gasseri, and Lactobacillus jensenii—which maintain 

vaginal homeostasis through lactic acid production, hydrogen peroxide generation, and local immune 

stimulation. These protective bacteria maintain vaginal pH below 4.5, creating an acidic environment 

hostile to pathogenic bacteria. 

Bacterial vaginosis occurs when this protective community collapses. Lactobacillus species decline, 

and diverse anaerobic organisms proliferate, including Gardnerella vaginalis, Prevotella species, 

Bacteroides species, Mobiluncus species, and Mycoplasma species. The principal colonizer is 

Gardnerella vaginalis, which forms biofilms on the vaginal epithelium and facilitates the 

establishment of secondary anaerobes. 
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BV is remarkably common. It is the most prevalent lower genital tract condition in women of 

reproductive age worldwide. In pregnancy, prevalence varies substantially by population: 

approximately 7-10% of pregnant women in high-income European settings, while sub-Saharan 

African populations report prevalence exceeding 20-30%. One crucial clinical feature is that many 

women with BV are asymptomatic—they may experience no vaginal discharge, no odor, and no 

discomfort. This asymptomatic nature means BV often goes undetected without specific screening. 

Why might BV increase preterm birth risk? The mechanism involves multiple pathways. First, BV-

associated bacteria can ascend the genital tract, triggering the inflammatory cascade described 

above. Second, organisms such as Gardnerella and Prevotella produce proteolytic enzymes—

including sialidases, mucinases, and proteases—that directly degrade structural components of the 

fetal membranes. These enzymatic attacks can weaken membrane integrity, potentially leading to 

premature rupture of membranes even without overt intrauterine infection. Third, emerging 

evidence suggests that the composition of the vaginal microbiome, beyond a simple binary BV 

diagnosis, may be important for risk stratification. 

1.4 The Evidence for BV and Preterm Birth: A Scientific Puzzle 

The observational evidence strongly supports an association. Multiple large epidemiological studies 

have found that pregnant women with BV have substantially elevated odds of preterm birth. Recent 

meta-analyses report pooled odds ratios ranging from 1.60 to 1.79, indicating that BV is associated 

with approximately 60-80% higher odds of preterm delivery compared to women without BV. These 

associations have been documented across diverse geographic populations, study designs, and 

healthcare settings. This consistency suggests a genuine biological relationship. 

Yet the treatment evidence tells a different story. If BV directly causes preterm birth, then treating 

BV with antibiotics should reduce preterm birth rates. Multiple large randomized controlled trials 

have tested this hypothesis. The landmark PREMEVA trial tested clindamycin versus placebo in 3,105 

low-risk women and found no reduction in preterm birth (relative risk 1.10; 95% CI 0.53-2.32). The 

more recent AuTop trial, which combined molecular BV screening with targeted antibiotic treatment 

in 6,671 women, similarly found no significant overall benefit on preterm birth rates (relative risk 

0.83; 95% CI 0.66-1.05). Despite successfully eradicating BV bacteria, antibiotic treatment has not 

reliably prevented preterm birth. 
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This discordance between observational association and treatment trial failure creates a genuine 

scientific puzzle. Several explanations have been proposed: BV may be a marker of broader vaginal 

microbiome disturbance rather than a direct causal factor; the pathological process may be initiated 

before the window of antibiotic intervention; BV and preterm birth may share underlying 

confounders; or BV may be causal only in specific biologically-defined subgroups that treatment 

trials have not effectively identified. 

Adding to this complexity, not all observational studies report on significant associations. Some well-

conducted cohort studies, particularly those with careful adjustment for confounding factors, report 

weaker associations or non-significant findings. Studies also differ in how they diagnose BV (Nugent 

scoring, Amsel criteria, or molecular PCR), in the gestational timing of BV assessment, and in the 

populations studied. This heterogeneity contributes to genuine uncertainty about the true magnitude 

and independence of the BV-preterm birth association. 

1.5 Knowledge Gaps and Rationale for This Meta-Analysis 

The central knowledge gap is this: Although BV has repeatedly been associated with preterm birth in 

observational studies, the strength and independence of this association remain uncertain because 

studies differ substantially in diagnostic method, population characteristics, adjustment for 

confounders, and gestational timing of BV assessment. This uncertainty has important clinical 

implications: should BV screening be incorporated into routine antenatal care? Which diagnostic 

methods are most predictive? Which women would benefit most from intervention? 

Several recent developments make an updated comprehensive synthesis timely and necessary. First, 

new molecular diagnostic methods for BV have been developed and validated, offering improved 

sensitivity and the ability to quantify specific BV-associated organisms. Second, several very large 

cohort studies with sample sizes exceeding 500,000 participants have been published in the past 2-

3 years, substantially expanding the evidence base. Third, existing meta-analyses from 2023-2024 

employed different search strategies, inclusion criteria, and analytical approaches, producing pooled 

estimates ranging from OR 1.60 to OR 1.79—creating inconsistency in the literature about the true 

magnitude of the association. 
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This thesis addresses these gaps through a comprehensive systematic review and meta-analysis of 

observational studies published between 2010 and 2026, conducted in strict accordance with 

PRISMA 2020 guidelines. By rigorously synthesizing contemporary evidence, applying quality 

assessment, and exploring potential sources of heterogeneity, this analysis aims to provide the most 

current and methodologically sound quantitative summary of the BV-preterm birth association 

available to inform clinical practice and future research directions. 

2. Aim and Objectives 

2.1 Overall Aim 

The overall aim of this study is to systematically review and quantitatively synthesise the published 

evidence on the association between bacterial vaginosis and the risk of preterm birth in pregnant 

women, drawing upon observational studies published between 2010 and 2026. 

2.2 Research Question 

Does bacterial vaginosis independently increase the risk of preterm birth in pregnant women 

compared to those without bacterial vaginosis, and what factors moderate this association? 

2.3 Specific Objectives 

1. To systematically identify and critically appraise observational studies examining the 

association between bacterial vaginosis and preterm birth published between 2010 and 

2026. 

2. To compare the risk of preterm birth between pregnant women with and without bacterial 

vaginosis across different populations, geographic regions, and diagnostic methods. 

3. To calculate pooled effect estimates (odds ratios, relative risks, or hazard ratios) using a 

random-effects meta-analysis model to account for between-study heterogeneity. 

4. To assess and quantify heterogeneity across included studies using the I² statistic and 

Cochran’s Q test, and to explore potential sources of variation through pre-specified 

subgroup analyses. 

5. To evaluate publication bias using funnel plot analysis and Egger’s regression test. 

6. To interpret the pooled findings in the context of biological mechanisms, existing meta-

analytic evidence, and clinical implications for antenatal screening and management of 

bacterial vaginosis in pregnancy. 
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3. Methods 

3.1 Study Design and Rationale 

 This study employed a systematic review and meta-analysis to synthesise observational evidence on 

the association between bacterial vaginosis (BV) and preterm birth (PTB) in pregnant women. A 

systematic review provides a structured and reproducible approach for identifying, evaluating, and 

integrating relevant evidence, while meta-analysis enables quantitative pooling of effect estimates 

across studies to improve precision and assess consistency of findings. 

The study was conducted and reported in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines (Page et al., 2021). As the study 

used only previously published data and involved no direct contact with human participants or 

collection of biological samples, ethical approval was not required. Ethical approval for the original 

studies had been obtained by the respective investigators. 

3.2 Literature Search Strategy 

3.2.1 Database Selection and Search Execution 

A systematic literature search was conducted in PubMed/MEDLINE, Scopus, Web of Science, and 

DiVA. These databases were selected to provide comprehensive coverage of biomedical, clinical, and 

multidisciplinary research relevant to BV and PTB. Searches were performed in April 2025 using 

combinations of Medical Subject Headings (MeSH) and free-text keywords related to bacterial 

vaginosis, vaginal microbiota, preterm birth, pregnancy outcomes, and observational study designs. 

Search results were exported to a reference management system, where duplicates were removed 

through automated and manual screening. Reference lists of eligible studies were also screened to 

identify additional relevant publications. A supplementary Google Scholar search was performed to 

ensure comprehensive coverage. Detailed search strings, filters, and database-specific results are 

presented in Table 3.1. 
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Table 3.1. Database-specific literature search strategy and search results. The table summarises the 
electronic database searches performed in April 2025, including the search strings, search dates, 
number of records retrieved, and filters applied for each database and supplementary search source. 

Database Search String Date 
Searched 

Hits Filters Applied 

PubMed/MEDLINE "bacterial vaginosis" AND 
"preterm birth" AND "risk" 
AND "pregnancy" 

April 2025 177 2010–2025; English; 
Humans 

PubMed/MEDLINE "bacterial vaginosis" AND 
"preterm birth" AND "cohort" 
AND "odds ratio" 

April 2025 89 2010–2025; English; 
Humans 

PubMed/MEDLINE "bacterial vaginosis" AND 
"spontaneous preterm birth" 
AND "prospective" 

April 2025 64 2010–2025; English; 
Humans 

PubMed/MEDLINE "vaginal microbiome" AND 
"preterm birth" AND 
"pregnancy outcomes" 

April 2025 48 2010–2025; English; 
Humans 

PubMed/MEDLINE "Nugent score" AND "preterm 
birth" AND "cohort" 

April 2025 31 2010–2025; English; 
Humans 

Scopus TITLE-ABS-KEY("bacterial 
vaginosis" AND "preterm 
birth" AND "cohort") 

April 2025 312 2010–2025; Article 

Web of Science TS=("bacterial vaginosis" AND 
"preterm birth" AND 
"prospective") 

April 2025 78 2010–2025 

DiVA (Sko vde) "bacterial vaginosis" preterm 
birth 

April 2025 0 No eligible records in 
Swedish institutional 
repository 

Manual / Reference lists 
/ Google Scholar 

Citation searching of included 
papers + supplementary 
Google Scholar search 

April 2025 2 Shimaoka 2019 (Sci Rep) 
+ Hadhoum 2024 (Eur J 
Obstet SR/MA) 

TOTAL (after 
deduplication) 

  541 273 duplicates removed 

 

3.2.2 Date and Language Restrictions 

The search was restricted to studies published between January 2010 and April 2026 to ensure 

inclusion of contemporary evidence reflecting current diagnostic approaches and clinical practice. 

Only studies published in English were included because translation resources were not available. 
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3.3 Eligibility Criteria 

Studies were screened using pre-specified inclusion and exclusion criteria developed according to 

the PICO framework: Population (pregnant women), Exposure (bacterial vaginosis during 

pregnancy), Comparison (women without bacterial vaginosis), and Outcome (preterm birth before 

37 completed weeks of gestation). Full eligibility criteria are presented in Table 3.2. 

Studies were required to assess BV using a validated diagnostic method, including Nugent scoring, 

Amsel criteria, or validated molecular PCR-based assays. Eligible studies reported quantitative 

measures of association, such as odds ratios (OR), relative risks (RR), hazard ratios (HR), or sufficient 

raw data to permit their calculation. Studies reporting only p-values without extractable effect 

estimates were included in the narrative synthesis but excluded from quantitative pooling. 

Observational study designs, including prospective and retrospective cohort studies, nested case-

control studies, and cross-sectional studies, were eligible for inclusion. Randomised controlled trials 

were excluded from the primary meta-analysis because intervention effects could influence the 

observed association between BV and preterm birth. However, relevant trials were considered in the 

discussion to provide clinical context. 
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Table 3.2. The table summarises the predefined inclusion and exclusion criteria used to determine 

study eligibility according to the PICO framework. Eligible studies included observational studies of 

pregnant women with bacterial vaginosis diagnosed using validated methods and reporting 

quantitative measures of association with preterm birth. 

Inclusion Criteria Exclusion Criteria 

Peer-reviewed observational studies published between 
2010 and 2026 

Review articles, systematic reviews, meta-
analyses, editorials, case reports, and 
conference abstracts without accessible full-
text data 

Human participants — pregnant women of any 
gestational age 

Animal and in vitro studies 

Bacterial vaginosis assessed using validated diagnostic 
criteria: Nugent scoring system (score ≥7), Amsel's 
clinical criteria (≥3 of 4 criteria), or validated molecular 
PCR-based method 

Studies that do not clearly assess bacterial 
vaginosis or employ only unvalidated 
diagnostic methods 

Preterm birth reported as a primary or secondary 
outcome, defined as delivery before 37 completed weeks 
of gestation 

Studies reporting no quantitative preterm 
birth outcome, or studies in which preterm 
birth is not clearly defined or measured 

Observational study design: prospective cohort, 
retrospective cohort, nested case-control, or cross-
sectional study 

Randomised controlled trials (evaluated 
separately in narrative synthesis for 
treatment context) 

Quantitative effect size data: odds ratios (OR), relative 
risks (RR), hazard ratios (HR) with 95% confidence 
intervals, or sufficient raw data to permit calculation 

Studies with insufficient, unclear, or non-
extractable data; duplicate publications 
reporting on the same cohort without new 
outcome data 

Full-text available in the English language Studies published before 2010 (outside 
defined study period); studies conducted 
exclusively in non-human species 

 

3.4 Study Selection Process 

Study selection was conducted in accordance with PRISMA 2020 guidelines using a two-stage 

screening process. Following deduplication, 541 records were screened by title and abstract against 

the eligibility criteria, resulting in 90 studies undergoing full-text assessment. Full-text articles were 

then evaluated against the predefined inclusion and exclusion criteria, and reasons for exclusion 

were documented. The most common reasons for exclusion included publication outside the study 

period, absence of extractable effect estimates, lack of an appropriate comparison group, and use of 

BV solely as a covariate. To assess consistency, a random 20% sample of full-text screening decisions 
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was re-evaluated after a two-week interval, with complete agreement observed. The study selection 

process is presented in the PRISMA flow diagram. 

3.5 Data Extraction 

Data extraction was performed using a standardised extraction form that was piloted before 

application to all included studies. Extracted information included study characteristics (author, 

year, country, study design, and setting), population characteristics (sample size, participant 

demographics, gestational age at BV assessment, and risk category), diagnostic information (BV 

diagnostic method and timing of assessment), and outcome measures (preterm birth definition and 

incidence). 

Quantitative data extracted included effect estimates (OR, RR, or HR), corresponding 95% confidence 

intervals, p-values, and adjustment variables where reported. Secondary outcomes, including 

premature rupture of membranes, low birth weight, and late miscarriage, were also recorded when 

available. Studies lacking extractable effect estimates were retained for qualitative synthesis but 

excluded from quantitative pooling. Any uncertainties were resolved through review of the original 

publications and supplementary materials. 

3.6 Quality Assessment 

The methodological quality and risk of bias of all included observational studies were assessed using 

the Newcastle-Ottawa Scale (NOS), a validated tool for evaluating non-randomised studies in 

systematic reviews and meta-analyses (Wells et al., 2013). The NOS assesses studies across three 

domains: Selection, Comparability, and Outcome/Exposure, with a maximum score of nine stars. The 

complete assessment framework is presented in Table 3.3. 

Studies scoring ≥7 stars were classified as high quality, scores of 4–6 as moderate quality, and scores 

≤3 as low quality. Quality assessments were used to evaluate risk of bias and were incorporated into 

subgroup and sensitivity analyses to determine whether study quality influenced the pooled effect 

estimate. 
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Table 3.3 Newcastle-Ottawa Scale (NOS) quality assessment framework used to evaluate the 

methodological quality of the included observational studies. This summarises the NOS assessment 

domains, evaluation criteria, maximum number of stars awarded for each domain, and the quality 

classification applied in the present study. 

NOS Domain Assessment Criteria Maximum 
Stars 

NOS Classification 

Selection Representativeness of the exposed cohort; 
selection of the non-exposed cohort; 
ascertainment of BV diagnosis; demonstration 
that PTB was not present at start of study 

4 stars High quality: ≥7 stars 
Moderate: 4–6 stars 
Low: ≤3 stars 

Comparability Comparability of cohorts on the basis of design 
or analysis — control for: (1) gestational age at 
assessment; (2) prior preterm birth history; (3) 
socioeconomic or demographic confounders 

2 stars  

Outcome / 
Exposure 

Assessment of PTB outcome (validated obstetric 
records or hospital data); adequacy of follow-up 
period; completeness of follow-up (loss <20%) 

3 stars  

TOTAL  9 stars  

 

3.7 Statistical Analysis 

3.7.1 Primary Analysis: Pooled Effect Estimation 

All statistical analyses were conducted using R version 4.3.2 (R Core Team, 2023) with the meta 

(version 6.5-0) and metafor (version 4.4-0) packages (Viechtbauer, 2010). A random-effects meta-

analysis using the DerSimonian-Laird estimator was performed to calculate pooled effect estimates, 

as methodological and clinical heterogeneity between studies was anticipated. 

Reported effect measures, including odds ratios (OR), relative risks (RR), hazard ratios (HR), and 

adjusted odds ratios (aOR), were transformed to the natural logarithmic scale prior to analysis. 

Standard errors were calculated from the reported 95% confidence intervals. Meta-analysis was 

conducted using the metagen () function, and pooled estimates with corresponding 95% confidence 

intervals were back-transformed for presentation. Forest plots were generated to visualise 

individual and pooled effect estimates. 
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3.7.2 Heterogeneity, Publication Bias, and Subgroup Analyses 

Between-study heterogeneity was assessed using Cochran's Q test and the I² statistic. I² values were 

interpreted according to established guidelines, with higher values indicating greater variability 

between studies. Publication bias was evaluated through visual inspection of funnel plot symmetry 

and Egger's regression test. 

To explore potential sources of heterogeneity, pre-specified subgroup analyses were conducted 

according to geographic region, BV diagnostic method, trimester of BV assessment, and study quality 

(NOS ≥7 versus NOS <7). These analyses were selected because differences in population 

characteristics, diagnostic approaches, and methodological quality may influence the observed 

association between BV and preterm birth. 

Sensitivity analyses included restriction to high-quality studies, leave-one-out analysis to evaluate 

the influence of individual studies on the pooled estimate, and restriction to prospective cohort 

studies. All statistical tests were two-tailed, and statistical significance was defined as p < 0.05 unless 

otherwise specified. A summary of the statistical methods applied is presented in Table 3.4. 
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Table 3.4. Statistical Methods Applied by Analysis Type. 

The table summarises the statistical methods used for each analysis, including the effect measure, 

statistical model, heterogeneity assessment, publication bias assessment, subgroup analyses, 

sensitivity analyses, and corresponding significance criteria. 

 

Analysis Type Method Details and Thresholds 

Primary pooled 

estimate 

Random-effects model: 

DerSimonian-Laird method 

Pooled OR/RR/HR with 95% CI; log-transformed 

effect sizes; SE derived from reported CIs 

Between-study 

heterogeneity 

I² statistic + Cochran's Q test I² <25%=low; 25–50%=moderate; 

>50%=substantial; >75%=considerable; Q test 

p<0.10 

Publication bias Funnel plot asymmetry + 

Egger's linear regression test 

Visual asymmetry assessed; Egger's test 

significance p<0.10; limited power with k<10 

Subgroup analysis Stratified random-effects 

estimates by pre-specified 

moderators 

(1) Geographic region; (2) BV diagnostic method; 

(3) Trimester of assessment; (4) Study quality 

(NOS ≥7 vs <7) 

Sensitivity 

analysis 

Sequential leave-one-out 

exclusion; restriction to high-

quality studies 

NOS ≥7 restriction; largest study excluded 

(Blumenfeld 2024); prospective designs only 

Software R version 4.3.2 — meta (v6.5-

0) + metafor (v4.4-0) 

Viechtbauer (2010); metagen() for log-

transformed effects; forest() for visualisation; all 

p-values two-tailed; α=0.05 

 

3.8 Use of AI-Based Tools 

ChatGPT was used as a writing support tool during the preparation of this thesis to assist with 

language refinement, improvement of text clarity, and organisation of selected sections. Specifically, 

it was used to refine the abstract, improve the flow and readability of the discussion section, and 

assist in structuring the ethical considerations section. 

All research activities, including literature searching, study selection, data extraction, quality 

assessment, statistical analyses in R, interpretation of results, and final scientific conclusions, were 

conducted independently by the author. AI-assisted tools were used solely for language and 

editorial support and did not contribute to the study design, data analysis, or interpretation of 

findings. 
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4. Results 

4.1 Study Selection 

The systematic database search conducted in April 2025 across PubMed/MEDLINE, Scopus, Web of 

Science, and DiVA identified a total of 814 records prior to deduplication. Following the removal of 

273 duplicate records, 541 unique records were retained for title and abstract screening. Of these, 

451 records were excluded at Stage 1 on the grounds of wrong species, wrong publication type, no 

BV assessment, or no preterm birth outcome. The remaining 90 records underwent full-text 

assessment. At Stage 2, 44 studies were excluded: 10 were published before the defined study period 

(before 2010), seven reported no quantitative BV-to-preterm birth effect size, five lacked a non-

preterm control group, five used BV exclusively as a covariate for a different primary exposure, and 

17 did not meet one or more additional eligibility criteria. A supplementary manual search of 

reference lists and Google Scholar yielded two additional eligible studies, of which Shimaoka et al. 

(2019) reported only log-rank p-values without hazard ratios and was therefore retained for 

narrative synthesis only. The final dataset available for quantitative meta-analysis comprised 10 

observational studies. 

4.2 Characteristics of Included Studies 

The 10 studies included in the quantitative meta-analysis were published between 2010 and 2026 

and collectively enrolled 2,551,739 pregnant women across nine countries on five continents. 

Individual sample sizes ranged from 182 (Yo et al., 2023) to 2,538,606 (Blumenfeld et al., 2024). 

Study designs included prospective cohort studies (n=6), retrospective cohort studies (n=2), nested 

case-control studies (n=2), and one longitudinal cohort study. Preterm birth was uniformly defined 

as delivery before 37 completed weeks of gestation. BV was diagnosed using five different validated 

methods: Nugent score, Amsel criteria, Gram stain, molecular polymerase chain reaction (qPCR), and 

clinical diagnosis (ICD coding combined with prescription records). The characteristics of the 

included studies are summarised in Table 4.1. Five studies reported statistically significant positive 

associations between bacterial vaginosis and preterm birth, whereas five reported non-significant 

associations. This variation in individual study findings underscores the importance of meta-analytic 

synthesis to generate a pooled estimate. 
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Table 4.1. Characteristics of Studies Included in the Quantitative Meta-Analysis (k=10) 

The table summarises the characteristics of the studies included in the quantitative meta-analysis, 

including study design, country, sample size, bacterial vaginosis diagnostic method, preterm birth 

outcome, effect estimates, and Newcastle-Ottawa Scale (NOS) quality scores. 

Study 

(Year) 

Country Study 

Design 

n BV 

Diagnosis 

PTB 

Defined 

Effect 

(95% 

CI) 

Metric 

Blumenfeld 

et al. 

(2024) 

USA Retrospective 

Cohort 

2,538,606 ICD + 

Prescription 

<37 

weeks 

1.66 

(1.52–

1.81) 

OR 

Nori et al. 

(2025) 

Iraq Prospective 

Multicenter 

Cohort 

314 Gram stain <37 

weeks 

3.78 

(1.40–

10.23) 

OR 

Salmanov 

et al. 

(2023) 

Ukraine Retrospective 

Multicenter 

Cohort 

3,502 Nugent + 

Amsel 

<37 

weeks 

2.68 

(1.44–

4.98) 

RR 

Erchick et 

al. (2026) 

Bangladesh Longitudinal 

Cohort 

1,243 Nugent 

score 

<37 

weeks 

0.84 

(0.42–

1.66) 

aRR 

Bretelle et 

al. (2015) 

France Prospective 

Multicenter 

Cohort 

813 Molecular 

qPCR 

<37 

weeks 

3.90 

(1.10–

14.10) 

HR 

Tabatabaei 

et al. 

(2019) 

Canada Nested Case-

Control 

450 16S rRNA 

(CST IV) 

<37 

weeks 

4.22 

(1.24–

24.85) 

OR 

Luong et al. 

(2010) 

Canada Nested Case-

Control 

5,092 Nugent 

criteria 

<37 

weeks 

1.20 

(0.50–

2.40) 

OR 

Mulinganya 

et al. 

(2021) 

DRC Prospective 

Cohort 

330 Nugent 

score (≥7) 

<37 

weeks 

1.21 

(0.66–

2.22) 

OR 

Yo et al. 

(2023) 

Japan Prospective 

Cohort 

182 Nugent 

(2nd 

trimester) 

<37 

weeks 

3.53 

(1.42–

8.79) 

HR 

Gioan et al. 

(2018) 

France Prospective 

Multicenter 

Cohort 

813 Molecular 

qPCR 

<37 

weeks 

1.60 

(0.60–

4.00) 

aOR 
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4.3 Quality Assessment 

Methodological quality was assessed using the Newcastle-Ottawa Scale (NOS). As shown in Table 4.2, 

scores ranged from 6 to 8 out of a maximum of 9. One study achieved a score of 8 (Bretelle et al., 

2015), seven studies scored 7 (high quality), and three studies scored 6 (moderate quality). No study 

scored below 6. The most common methodological limitation was incomplete adjustment for 

socioeconomic confounders, whereas participant selection and outcome assessment were generally 

of high quality across the included studies. 

Table 4.2. Newcastle-Ottawa Scale (NOS) Quality Assessment of Included Studies. 

Stars represent awarded quality points per domain. NOS ≥7 = high quality; NOS 4–6 = moderate 

quality. 

Study (Year) Country Study Design Selection 

(max 4) 

Comparability 

(max 2) 

Outcome 

(max 3) 

NOS 

Total 

Blumenfeld 

(2024) 

USA Retrospective 

Cohort 

**** ** * 7 

Nori (2025) Iraq Prospective 

Cohort 

*** * ** 6 

Salmanov 

(2023) 

Ukraine Retrospective 

Cohort 

*** * ** 6 

Erchick (2026) Bangladesh Longitudinal 

Cohort 

**** ** * 7 

Bretelle (2015) France Prospective 

Cohort 

**** ** ** 8 

Tabatabaei 

(2019) 

Canada Nested Case-

Control 

**** **        * 7 

Luong (2010) Canada Nested Case-

Control 

**** ** * 7 

Mulinganya 

(2021) 

DRC Prospective 

Cohort 

**** ** * 7 

Yo (2023) Japan Prospective 

Cohort 

*** * ** 6 

Gioan (2018) France Prospective 

Cohort 

**** ** * 7 

 

The included studies demonstrated generally high methodological quality, with 70% classified as 

high quality (NOS ≥7). This quality distribution justified the planned subgroup analysis by quality 
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level, described below, to assess whether study quality influenced the magnitude of the estimated 

association. 

Having described the characteristics and methodological quality of the included studies, the primary 

analysis assessed whether bacterial vaginosis (BV) was associated with increased odds of preterm 

birth across the 10 included observational studies. 

The random-effects meta-analysis (DerSimonian-Laird method with Hartung-Knapp adjustment) 

demonstrated a statistically significant positive association between bacterial vaginosis and pre-

term birth. The pooled odds ratio was 1.81 (95% CI: 1.26–2.61; p = 0.005), indicating that pregnant 

women with bacterial vaginosis had 81% higher odds of preterm birth than women without bacterial 

vaginosis. Individual study effect estimates ranged from OR 0.84 (Erchick et al., 2026), the only study 

reporting a protective association, to OR 4.22 (Tabatabaei et al., 2019). 

The primary meta-analysis results are summarised in Table 4.3, and the corresponding forest plot is 

presented in Figure 4.1. As shown in Figure 4.1, most included studies reported effect estimates 

indicating an increased risk of preterm birth associated with bacterial vaginosis, with confidence 

intervals generally overlapping the pooled estimate. The notable exception was the study by Erchick 

et al. (2026), which reported a protective association (OR 0.84), although its confidence interval was 

wide and included the  null value. 

Table 4.3. Primary Meta-Analysis Results Summary Statistics (k = 10). 

OR, odds ratio; NS, not statistically significant; HK, Hartung-Knapp adjustment; DL, DerSimonian-

Laird method; CI, confidence interval. Analyses were performed using R version 4.3.2 and the meta 

package (version 6.5-0). 

 

Parameter Value 95% CI p-value Interpretation Model 

Pooled OR (Random 

Effects) 

1.81 1.26 – 2.61 0.005 Significant  DerSimonian-

Laird 

Pooled OR (Common 

Effects) 

1.67 1.54 – 1.82 <0.001 Significant  Inverse 

Variance 

I² (Heterogeneity) 44.5% 0.0% – 73.4% — Moderate — 

tau² (Between-study 

variance) 

0.0738 0.000 – 0.768 — Low DL Estimator 

Cochran's Q 16.22 — 0.063 Borderline NS df = 9 

Egger's Test 

(Publication Bias) 

t = 0.89 — 0.398 No bias  Linear 

Regression 

Total Studies (k) 10 — — 2010–2026 — 
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Figure 4.1. Forest Plot — Association Between Bacterial Vaginosis and Preterm Birth (k=10 studies, Random-

Effects Model) Forest plot of the random-effects meta-analysis. Studies ordered by effect size (largest to 

smallest). Blue square = point estimate (size proportional to weight); horizontal line = 95% confidence interval; 

blue diamond = pooled estimate (OR 1.81; 95% CI: 1.26–2.61; p=0.005). Dashed vertical line = null effect 

(OR=1.0). The forest plot demonstrates that eight of ten studies reported effect estimates consistent with an 

increased risk of preterm birth in the presence of BV, with the pooled estimate indicating an 81% increase in 

the odds of preterm birth. Between-study heterogeneity was moderate (I²=44.5%; tau²=0.074; p(Q)=0.063). 

HK = Hartung-Knapp adjustment. 

4.4 Assessment of Heterogeneity 

Between-study heterogeneity was moderate. The I² statistic was 44.5% (95% CI: 0.0–73.4%), 

indicating that approximately 44.5% of the total variability was attributable to genuine between-

study differences rather than sampling error. The between-study variance estimate was tau²=0.0738 

(tau=0.2716). Cochran's Q test yielded Q=16.22 (df=9; p=0.063), which was borderline non-

significant. The observed moderate heterogeneity was expected given the diversity of BV diagnostic 

methods, population characteristics, and geographic settings, and provided the primary justification 

for employing the random-effects model. 

4.5 Publication Bias 

To assess whether publication bias may have distorted the pooled estimate, we performed visual and 

statistical funnel plot analysis. As shown in Figure 4.2, the funnel plot demonstrated a generally 

symmetrical distribution of studies around the pooled effect estimate, with only mild asymmetry and 
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a slightly greater concentration of study points to the right of the pooled effect line. However, Egger's 

linear regression test did not identify statistically significant funnel plot asymmetry (t = 0.89; df = 8; 

p = 0.398). As p = 0.398 substantially exceeded the predefined significance threshold of p < 0.10, the 

null hypothesis of funnel plot symmetry was not rejected, supporting the validity of the pooled 

estimate. It is acknowledged that with only 10 included studies, Egger's test has limited statistical 

power to detect moderate asymmetry. 

 

 

Figure 4.2. Funnel Plot Assessing Publication Bias. Each circle represents one included study. X-axis = log-
transformed effect size (ln OR/RR/HR); y-axis = standard error. Dashed vertical line = pooled effect. Grey 
contour regions = 90%, 95%, 99% confidence regions under the null hypothesis of no bias. Egger's linear 
regression test did not detect significant asymmetry (t=0.89; p=0.398), suggesting that the pooled estimate is 
unlikely to be substantially distorted by publication bias. However, the modest number of included studies 
(k=10) limits the statistical power of this test. 
 

4.6 Subgroup Analyses 

Because the included studies differed substantially in both diagnostic method and methodological 

quality, subgroup analyses were performed to explore whether these factors influenced the 

magnitude of the pooled estimate and contributed to the observed heterogeneity. 

4.6.1 Subgroup Analysis by BV Diagnostic Method 

Subgroup analysis stratified by BV diagnostic method revealed variation in effect estimates across 

diagnostic categories (Q_between=6.84; df=4; p=0.144). However, it is important to note that some 
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subgroups contained only single studies, which limits the stability and generalizability of estimates 

within those categories. 

Studies employing Gram stain reported an effect estimate of OR 3.78 (95% CI: 1.40–10.22; k=1), and 

the Nugent combined with Amsel criteria study reported OR 2.68 (95% CI: 1.44–4.98; k=1). These 

single-study estimates should be interpreted descriptively rather than as definitive evidence of 

differential diagnostic-method effects, as they lack replication and may not be stable across different 

populations. 

Molecular PCR studies produced a pooled OR of 2.51 (95% CI: 0.61–10.27; k=3), which did not reach 

statistical significance, likely due to wide confidence intervals from a small number of contributing 

studies. Nugent-only studies produced the lowest pooled estimate (OR 1.36; 95% CI: 0.54–3.41; k=4; 

I²=52.1%), which was not statistically significant in the random-effects model. The clinical (ICD) 

diagnosis approach, represented by a single large study, reported OR 1.66 (95% CI: 1.52–1.81; k=1). 

Overall, the test for between-group differences did not reach statistical significance (p=0.144), 

suggesting that diagnostic method alone may not fully account for the observed heterogeneity. 

4.6.2 Subgroup Analysis by Study Quality 

Subgroup analysis according to Newcastle-Ottawa Scale (NOS) score demonstrated a statistically 

significant difference between high- and moderate-quality studies (Q_between = 15.15; df = 1; p < 

0.001). High-quality studies (NOS ≥7; k = 7) produced a pooled OR of 1.50 (95% CI: 1.04–2.16; p = 

0.034; I² = 30.2%), whereas moderate-quality studies (NOS <7; k = 3) produced a substantially higher 

pooled OR of 3.09 (95% CI: 1.93–4.94; p < 0.001; I² = 0%). A summary of the subgroup and sensitivity 

analyses is presented in Table 4.4. These findings suggest that studies of lower methodological 

quality tended to overestimate the association between bacterial vaginosis and preterm birth. 

Importantly, the association remained statistically significant when the analysis was restricted to 

high-quality studies, indicating that the primary finding was robust and not dependent on the 

inclusion of lower-quality evidence.  
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Table 4.4. Subgroup and Sensitivity Analysis Results 

OR, odds ratio; CI, confidence interval; NS, not significant; NOS, Newcastle-Ottawa Scale; k, number 

of studies; I², heterogeneity statistic; HK, Hartung-Knapp adjustment applied throughout. Single-

study subgroups presented descriptively; not interpreted as stable subgroup estimates. 

 

Analysis / 

Subgroup 

Category k Pooled OR (95% 

CI) 

p-

value 

I² Significant? 

BV Diagnostic 

Method 

     Between 

groups 

p=0.144 

 Molecular 

PCR 

3 2.51 (0.61–

10.27) 

NS 0%  NS 

 Gram stain 1 3.78 (1.40–

10.22) 

0.008 —  Yes 

 Nugent + 

Amsel 

1 2.68 (1.44–4.98) <0.05 — Yes 

 Nugent 

only 

4 1.36 (0.54–3.41) NS 52.1%  NS 

 Clinical 

(ICD) 

1 1.66 (1.52–1.81) <0.001 —  Yes 

Study Quality 

(NOS) 

     Between 

groups 

p<0.001 

 High 

Quality 

(NOS ≥7) 

7 1.50 (1.04–2.16) 0.034 30.2%  Yes 

 Moderate 

Quality 

(NOS <7) 

3 3.09 (1.93–4.94) <0.001 0% Yes 

Sensitivity 

Analyses 

      

 Leave-one-

out (range) 

9 1.71–1.95 All 

<0.05 

35–

51% 

 All 

significant 

 High 

quality only 

(NOS ≥7) 

7 1.50 (1.04–2.16) 0.034 30.2%  Yes 
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4.7 Sensitivity Analyses 

Two pre-specified sensitivity analyses were performed to confirm the robustness of the primary 

finding and to assess whether any individual study exerted undue influence on the pooled result. 

First, sequential leave-one-out analysis examined whether removing each study in turn substantially 

altered the pooled estimate. As shown in Figure 4.3, the pooled effect estimate remained stable across 

all leave-one-out iterations, with only minor variation in effect size and overlapping confidence 

intervals. Across all 10 iterations, pooled OR estimates ranged from 1.71 to 1.95, all of which 

remained statistically significant (all p < 0.05). Removal of Erchick et al. (2026), the only study 

reporting a protective estimate, produced the highest pooled OR (1.95) and the lowest I² (35.0%), 

confirming its contribution to heterogeneity. However, no single study exerted undue influence on 

the overall pooled result, as all estimates remained qualitatively similar and statistically significant. 

. 

 

Figure 4.3. Leave-One-Out Sensitivity Analysis (k=10 studies) 

Leave-one-out sensitivity analysis. Each row shows the pooled random-effects estimate after sequential 

omission of the labelled study. Green diamond = overall pooled estimate from all 10 studies (OR 1.81; 95% CI: 

1.26–2.61; p=0.005). All individual estimates remained statistically significant at p<0.05, confirming the 

robustness of the primary finding. Pooled OR estimates ranged from 1.71–1.95 across iterations, 

demonstrating that the conclusion of a significant BV-preterm birth association is stable regardless of which 

individual study is excluded. 
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Second, restriction to high-quality studies (NOS ≥7; k = 7) was performed to assess whether the 

association remained significant when analyses were limited to the most methodologically rigorous 

evidence. This analysis yielded a pooled OR of 1.50 (95% CI: 1.04–2.16; p = 0.034; I² = 30.2%), 

confirming that the primary finding is robust and not dependent on the inclusion of moderate-quality 

studies. 

Summary of Key Findings 

The systematic review and meta-analysis of 10 observational studies published between 2010 and 

2026, collectively enrolling over 2.5 million pregnant women, demonstrated a statistically significant 

positive association between bacterial vaginosis and preterm birth. The pooled odds ratio of 1.81 

(95% CI: 1.26–2.61; p=0.005) indicates 81% elevated odds of preterm birth in women with BV 

compared to those without BV. This finding remained robust across sensitivity analyses, including 

restriction to high-quality studies and sequential leave-one-out analysis. Moderate heterogeneity 

was observed (I²=44.5%), attributable to differences in diagnostic methods and study designs, but 

this did not invalidate the overall conclusion. No evidence of significant publication bias was 

detected. These findings set the stage for the discussion of their clinical and public health 

implications, potential mechanisms, and areas requiring future investigation. 

5. Discussion 

5.1 Principal Findings 

This systematic review and meta-analysis of 10 observational studies involving 2,551,739 pregnant 

women from nine countries found a significant association between bacterial vaginosis (BV) and 

preterm birth. The pooled odds ratio was 1.81 (95% CI: 1.26–2.61; p=0.005), indicating that women 

with BV had higher odds of delivering preterm than those without BV. The association remained 

robust despite moderate heterogeneity (I²=44.5%) and no evidence of publication bias (Egger's test 

p=0.398). Sensitivity analyses and restriction to high-quality studies confirmed the stability of the 

findings. Among high-quality studies, the pooled estimate was lower but still significant (OR 1.50; 

95% CI: 1.04–2.16; p=0.034). 

Notably, moderate-quality studies reported a stronger association (OR 3.09) than high-quality 

studies (OR 1.50; Q_between p<0.001), suggesting that methodological limitations and residual 

confounding may have inflated effect estimates in lower-quality studies. Overall, the findings support 
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BV as an independent risk factor for preterm birth, although the true effect size may be more modest 

than the overall pooled estimate. 

5.2 Comparison with Existing Meta-Analyses and Contextualisation of Effect 

Size 

The pooled odds ratio of 1.81 observed in this study is consistent with recent meta-analyses 

examining the association between bacterial vaginosis (BV) and preterm birth. Mohanty et al. (2023) 

reported a similar pooled OR of 1.79, while Hadhoum et al. (2024) reported a slightly lower estimate 

of 1.60. These findings place the present estimate within the range of contemporary evidence and 

support a moderate but significant association between BV and preterm birth differences between 

estimates likely reflect variations in study quality, diagnostic methods, timing of BV assessment, and 

confounding adjustment. The timing of BV assessment during pregnancy and differences in 

adjustment for confounders such as smoking, socioeconomic status, previous preterm birth, and 

concurrent infections may also influence effect estimates. 

Most studies included in this review reported positive associations between BV and preterm birth. 

However, two studies found non-significant associations, suggesting that the relationship may be 

context dependent. Variations in vaginal microbiota, BV prevalence, healthcare access, and 

population characteristics may explain these findings and indicate that the impact of BV on preterm 

birth risk may differ across populations and clinical settings. 

5.3 The Causal Question: Is Bacterial Vaginosis a True Cause of Preterm Birth 

The Biologically Plausible Causal Pathway 

The association between BV and preterm birth is supported by a plausible biological 

mechanism. BV-associated organisms, including Gardnerella vaginalis, Atopobium vaginae, 

and Prevotella species, can disrupt the cervical barrier and stimulate inflammatory 

responses through cytokines such as IL-1β, IL-6, IL-8, and TNF-α. This inflammatory cascade 

may promote cervical ripening, membrane weakening, and uterine contractions, increasing 

the risk of preterm labour (Goldenberg et al., 2005; Romero et al., 2007; Ferrante et al., 

2025). 
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The Counter-Evidence: The Randomised Trial Problem 

Despite strong observational evidence, randomised controlled trials have not consistently 

shown that treating BV reduces preterm birth risk. The PREMEVA trial (Subtil et al., 2018) 

and the AuTop trial (Bretelle et al., 2023) both reported no significant reduction in adverse 

pregnancy outcomes following BV treatment. If BV were a direct and fully modifiable cause 

of preterm birth, treatment would be expected to reduce preterm delivery rates. The lack of 

consistent benefit suggests a more complex relationship. 

Three Non-Mutually-Exclusive Alternative Explanations 

Several explanations may account for this discrepancy. Possible explanations include late 

detection of BV, BV acting as a marker of broader vaginal dysbiosis, and residual confounding 

from factors associated with both BV and preterm birth. Supporting this explanation, Nori et 

al. (2025) reported increased risk among women with both BV and Chlamydia trachomatis 

infection. 

Provisional Synthesis 

Overall, the evidence suggests that the BV–preterm birth association is genuine, but its 

causal nature is complex and context-dependent. BV may contribute directly to preterm 

birth in some women while serving as a marker of underlying vulnerability in others. 

Therefore, BV should not be viewed as a simple, modifiable risk factor with a straightforward 

prevention strategy through antibiotic treatment alone. 

 

5.4 Critical Analysis of Contradictory Findings 

5.4.1 The Protective Paradox: Erchick et al. (2026) 

Erchick et al. (2026) reported the only effect estimate below unity (aRR 0.84; 95% CI: 0.42–1.66), 

suggesting no significant association between BV and preterm birth in a Bangladeshi cohort. 

However, BV resolution between the first and third trimester was associated with a substantially 

lower risk of preterm birth (aRR 0.20; 95% CI: 0.06–0.63). This suggests that persistent BV, rather 

than BV detected at a single time point, may be more relevant to adverse outcomes. 
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5.4.2 BV, Low Birth Weight, and Preterm Birth: Distinct Biological Pathways 

Mulinganya et al. (2021) found no significant association between BV and preterm birth but reported 

strong associations with low birth weight and preterm delivery of low-birth-weight infants. These 

findings suggest that BV may influence different pregnancy outcomes through distinct biological 

pathways. 

5.4.3 The Confounding Role of Vaginal Douching 

Luong et al. (2010) reported a non-significant association between BV and preterm birth but 

identified vaginal douching as a strong independent risk factor for early preterm birth. Because 

douching can disrupt the vaginal microbiome and promote BV, failure to adjust for this behaviour 

may inflate the apparent effect of BV in observational studies. 

5.4.4 When Predictors Compete: Gioan et al. (2018) 

Gioan et al. (2018) found that BV was not an independent predictor of preterm birth after adjustment 

for stronger risk factors such as cervical shortening, previous preterm birth, and premature rupture 

of membranes. This suggests that BV may have less predictive value in high-risk populations where 

stronger risk factors are already present.  

5.5 The Critical Role of BV Diagnostic Method 

Subgroup analysis by diagnostic method revealed an important pattern. Studies using molecular 

PCR-based quantification of A. vaginae and G. vaginalis reported higher pooled effect estimates (OR 

2.51) than Nugent-only studies (OR 1.36), although the between-group difference was not 

statistically significant (p=0.144), likely due to the small number of studies. 

Molecular methods do more than improve sensitivity; they may identify the biologically relevant 

exposure more accurately. High vaginal loads of A. vaginae (≥10⁸ copies/mL) represent a different 

microbiological state than a Nugent score of 7, although both meet conventional BV criteria. If specific 

BV-associated organisms at high concentrations are the primary drivers of preterm birth risk, as 

suggested by Bretelle et al. (2015; HR 3.90; 95% CI: 1.10–14.10) and Tabatabaei et al. (2019; OR 

4.22), then less specific diagnostic methods may misclassify exposure and underestimate the true 

effect. 

These findings suggest that future studies should use standardized molecular diagnostics and report 

organism load thresholds associated with increased risk. Risk stratification based on microbial 

burden, rather than BV status alone, may provide a more accurate assessment of preterm birth risk. 
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5.6 Clinical Implications 

BV Screening as Risk Stratification (Not Treatment Planning) 

The significant association between BV and preterm birth (OR 1.81; p=0.005) supports the use of BV 

assessment in antenatal risk stratification. 

1. In populations with elevated preterm birth risk (≥12%), molecular BV profiling may identify 

higher-risk women more effectively than Nugent scoring and support targeted screening in 

women with prior preterm birth, cervical shortening (<25 mm), or concurrent genitourinary 

infections. 

2. In low-risk singleton pregnancies, the absolute increase in risk associated with BV is 

relatively small, making universal screening unlikely to be cost-effective. 

3. The interaction between BV and C. trachomatis (Nori et al., 2025) supports integrated 

screening approaches that assess BV alongside other genitourinary infections. 

Antibiotic Treatment and Preterm Birth Prevention 

The failure of major trials, including PREMEVA (Subtil et al., 2018) and AuTop (Bretelle et al., 

2023), to reduce preterm birth rates suggests that routine treatment of asymptomatic BV should 

not be recommended solely for preterm birth prevention. In low-risk women, treatment may still 

be beneficial for symptom relief and reducing infection-related complications. In high-risk 

populations, the potential benefit observed among nulliparous women in the AuTop trial (RR 0.62; 

95% CI: 0.45–0.84; p=0.003) requires further confirmation. 

The finding by Erchick et al. (2026) that BV resolution during pregnancy was associated with 

lower preterm birth risk suggests that persistence of BV may be more important than initial 

detection. Future strategies may therefore focus on identifying women with persistent dysbiosis 

and targeting interventions to those most likely to benefit. However, this approach requires 

validation in prospective studies. 

5.7 Strengths of This Study 

This study has several strengths. First, restricting the inclusion criteria to studies published between 

2010 and 2026 ensured that the findings reflect contemporary bacterial vaginosis diagnostic 

approaches, obstetric practice, and advances in vaginal microbiome research. Second, the inclusion 

of studies from nine countries enhanced the geographical diversity of the evidence base and 
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improved the generalisability of the findings across different populations and healthcare settings. 

Furthermore, the use of the DerSimonian-Laird random-effects model with Hartung-Knapp 

adjustment provided robust pooled estimates while accounting for between-study heterogeneity. 

The comprehensive subgroup and sensitivity analyses, including leave-one-out analysis, quality-

based restrictions, and subgroup analyses according to diagnostic method, further strengthened the 

robustness of the findings. Finally, the inclusion of studies reporting both significant and non-

significant associations reduced the risk of confirmation bias and provided a balanced synthesis of 

the available evidence. 

5.8 Limitations of This Study 

Several limitations should be considered when interpreting the findings of this meta-analysis. First, 

the pooled analysis combined different ratio-based effect measures, including odds ratios (ORs), 

relative risks (RRs), hazard ratios (HRs), and adjusted variants. Although this approach is common 

in observational meta-analyses, these measures are not mathematically identical and may introduce 

some imprecision. Consequently, the pooled estimate (OR 1.81) should be interpreted as an overall 

measure of association rather than a precise estimate of causality. 

Second, moderate heterogeneity (I² = 44.5%) indicates the presence of additional sources of 

variability that could not be fully explored because of the limited number of included studies. 

Potential contributors include differences in the gestational timing of BV assessment, antibiotic 

treatment of BV-positive women, and coexisting pregnancy complications. Furthermore, all included 

studies were observational in design and therefore susceptible to residual confounding. Although 

many studies adjusted for important covariates, adjustment strategies varied considerably, and 

factors such as psychosocial stress, nutritional status, previous pregnancy loss, and concurrent 

genitourinary infections were not consistently controlled. 

Third, although Egger's test did not detect statistically significant publication bias (p = 0.398), 

restricting the review to English-language publications may have introduced language bias by 

excluding relevant studies published in other languages. In addition, the small number of studies 

included in several subgroup analyses limited statistical power, meaning that these findings should 

be interpreted as exploratory. For example, molecular PCR studies produced a higher pooled effect 

estimate than Nugent-only studies, but the difference between diagnostic methods was not 

statistically significant (p = 0.144). 
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Finally, the large study by Blumenfeld et al. (2024; n = 2,538,606) contributed substantial weight to 

the meta-analysis. Although the sensitivity analyses demonstrated that the overall findings were not 

solely driven by this study, the pooled estimate remained influenced by its administrative-data-

based definition of BV, which may not be directly comparable with the microbiologically 

confirmed diagnoses used in the remaining studies. 

 

5.9 Conclusion 

This meta-analysis provides a contemporary synthesis of the association between bacterial vaginosis 

(BV) and preterm birth in studies published between 2010 and 2026. BV-positive pregnant women 

had significantly higher odds of preterm birth (OR 1.81; 95% CI: 1.26–2.61; p=0.005), and this 

association remained robust across sensitivity analyses. 

However, the findings should be interpreted with caution. Contradictory results from some studies, 

the failure of randomised trials to demonstrate reduced preterm birth following BV treatment, and 

lower effect estimates in higher-quality studies suggest that the BV–preterm birth relationship is 

complex and influenced by confounding and population-specific factors. 

For antenatal screening, BV assessment may be useful as part of risk stratification, particularly when 

molecular diagnostic methods are used in women at higher risk of preterm birth. For clinical 

management, current evidence does not support routine antibiotic treatment of asymptomatic BV 

solely for preterm birth prevention, although treatment may be appropriate for symptom relief and 

prevention of other maternal complications. 

For future research, studies should clarify the causal nature of the BV–preterm birth relationship, 

identify women most likely to benefit from intervention, and employ standardized molecular 

diagnostics while better addressing residual confounding. 
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6. Ethical Aspects, Gender Equality, and Societal Impact 

6.1 Ethical Approval 

This study is a systematic review and meta-analysis based solely on previously published peer-

reviewed literature. No primary data collection, human participants, or biological samples were 

involved. Therefore, ethical approval was not required according to the Swedish Ethical Review Act 

(SFS 2003:460). All included studies had obtained ethical approval and informed consent where 

applicable. 

6.2 Ethical Considerations 

Only aggregated data from published studies were used, and no personal or identifiable information 

was accessed. The study was conducted according to principles of research integrity, including 

transparent methodology, objective analysis, and balanced reporting of findings. 

6.3 Gender Equality Perspective 

This thesis addresses women's reproductive health by examining the association between bacterial 

vaginosis (BV) and preterm birth. Improved understanding of pregnancy-related risk factors may 

contribute to better antenatal care and support equitable healthcare for pregnant women. Access to 

screening and preventive services should be available regardless of socioeconomic background or 

geographic location. 

6.4 Societal Impact 

Preterm birth is a major cause of neonatal morbidity and mortality worldwide. By synthesising 

current evidence on the relationship between BV and preterm birth, this study may support 

improved risk assessment during pregnancy and contribute to evidence-based maternal healthcare. 

The findings may also inform future research and clinical decision-making. However, any 

implementation of screening strategies should consider healthcare accessibility and avoid increasing 

existing health inequalities. Overall, this study contributes to efforts aimed at improving maternal 

and neonatal health outcomes. 

  



36 

 

7. Future Perspectives 

This meta-analysis identified a significant association between bacterial vaginosis (BV) and preterm 

birth but also highlighted important methodological limitations and uncertainties regarding 

causality. Future research should therefore focus on improving study design, diagnostic precision, 

and intervention strategies. 

First, large prospective cohort studies should use standardized adjustment for major confounders, 

including smoking, socioeconomic status, previous preterm birth, cervical length, and concurrent 

infections. The weaker association observed in high-quality studies suggests that residual 

confounding may partly explain stronger effect estimates reported in lower-quality research. 

Second, future studies should adopt standardized molecular diagnostic methods. The higher pooled 

effect estimates observed in PCR-based studies suggest that molecular approaches may identify 

clinically relevant microbial profiles more accurately than conventional diagnostic criteria. Similar 

recommendations have been proposed by Bretelle et al. (2015) and Tabatabaei et al. (2019), who 

reported increased preterm birth risk in women with high loads of BV-associated organisms. 

Third, intervention studies should move beyond treating BV as a single condition. The failure of major 

trials, including PREMEVA (Subtil et al., 2018) and AuTop (Bretelle et al., 2023), to consistently 

reduce preterm birth indicates that future interventions should target biologically defined high-risk 

groups, such as women with persistent BV, high bacterial loads, or concurrent genital infections. 

Finally, more research is needed in low- and middle-income countries, where the burden of both BV 

and preterm births is often highest. Future studies should evaluate affordable and scalable diagnostic 

and prevention strategies to ensure that advances in BV research can be translated into equitable 

improvements in maternal and neonatal health outcomes worldwide. 

  



37 

 

 

References 
Abramovici, A., Szychowski, J. M., Biggio, J. R., Andrews, W. W., & Tita, A. T. (2015). Adverse pregnancy 

outcomes among women with a prior preterm birth and abnormal cervical microflora. 

American Journal of Perinatology, 32(12), 1119–1125. https://doi.org/10.1055/s-0035-

1549398 

ALLEA (All European Academies). (2023). The European code of conduct for research integrity 

(Revised ed.). ALLEA. https://www.allea.org/wp-content/uploads/2023/06/ALLEA-

European-Code-of-Conduct-for-Research-Integrity-2023.pdf 

Amabebe, E., & Anumba, D. O. C. (2018). The vaginal microenvironment: The physiologic role of 

Lactobacilli. Frontiers in Medicine, 5, 181. https://doi.org/10.3389/fmed.2018.00181 

Anderson, B. L., Simhan, H. N., Simons, K. M., & Wiesenfeld, H. C. (2011). The effect of antibiotic 

treatment on bacterial load and vaginal pH in women with bacterial vaginosis. Obstetrics and 

Gynecology, 117(4), 844–849. https://doi.org/10.1097/AOG.0b013e3182096890 

Barinov, S. V., Tirskaya, Y. I., Lazareva, O. V., Shamina, I. V., Shkaev, A. E., & Kadtsyna, T. V. (2022). 

Clinical and biochemical markers of spontaneous preterm birth in singleton and multiple 

pregnancies. Journal of Maternal-Fetal and Neonatal Medicine, 35(25), 5724–5729. 

https://doi.org/10.1080/14767058.2021.1880006 

Barthow, C., Crane, J., Hood, F., Darlow, B., Wickens, K., Purdie, G., Stanley, T., Fitzharris, P., Murphy, 

R., Magarey, A., & Dekker, J. (2016). The Probiotics in Pregnancy Study (PiP Study): Rationale 

and design of a double-blind randomised controlled trial to improve maternal health during 

pregnancy and prevent infant eczema and allergy. BMC Pregnancy and Childbirth, 16(1), 133. 

https://doi.org/10.1186/s12884-016-0923-y 

Batura, N., Valentine, P., Jayasooriya, S., White, L. J., Pomat, W., Homer, C. S., & King, J. F. (2021). Cost-

effectiveness of point-of-care testing and treatment for sexually transmitted and 

reproductive tract infections in Papua New Guinea: Protocol for an economic evaluation 

alongside a randomised controlled trial (WANTAIM trial). BMJ Open, 11(8), e046308. 

https://doi.org/10.1136/bmjopen-2020-046308 

 

Blumenfeld, Y. J., Altendahl, M., Leonard, S. A., & El-Sayed, Y. Y. (2024). Bacterial vaginosis treatment 

and preterm birth: A population-based retrospective cohort study. American Journal of 

Perinatology, 41(S01), e2081–e2088. https://doi.org/10.1055/a-2141-3059 

 

https://doi.org/10.1055/s-0035-1549398
https://doi.org/10.1055/s-0035-1549398
https://www.allea.org/wp-content/uploads/2023/06/ALLEA-European-Code-of-Conduct-for-Research-Integrity-2023.pdf
https://www.allea.org/wp-content/uploads/2023/06/ALLEA-European-Code-of-Conduct-for-Research-Integrity-2023.pdf
https://doi.org/10.3389/fmed.2018.00181
https://doi.org/10.1097/AOG.0b013e3182096890
https://doi.org/10.1080/14767058.2021.1880006
https://doi.org/10.1186/s12884-016-0923-y
https://doi.org/10.1136/bmjopen-2020-046308
https://doi.org/10.1055/a-2141-3059


38 

 

Bretelle, F., Bohbot, J. M., Aubert, A., Galtier, F., Verspyck, E., Quibel, T., Rozenberg, P., & Subtil, D. 

(2015). Atopobium vaginae and Gardnerella vaginalis vaginal colonisation in preterm births: 

A case-control study. Clinical Infectious Diseases, 60(6), 860–867. 

https://doi.org/10.1093/cid/ciu977 

 

Bretelle, F., Bohbot, J. M., Aubert, A., Galtier, F., Verspyck, E., Quibel, T., Rozenberg, P., & Subtil, D. 

(2015). Effectiveness and costs of molecular screening and treatment for bacterial vaginosis 

to prevent preterm birth: Protocol of the AuTop randomised trial. Trials, 16, 470. 

https://doi.org/10.1186/s13063-015-0988-9 

 

Bretelle, F., Rozenberg, P., Pascal, A., Faure, J. M., Bohbot, J. M., Loundou, A., Auquier, P., & Subtil, D. 

(2023). Effectiveness and costs of molecular screening and treatment for bacterial vaginosis 

to prevent preterm birth: The AuTop randomised clinical trial. JAMA Pediatrics, 177(9), 894–

902. https://doi.org/10.1001/jamapediatrics.2023.2183 

 

Briery, C. M., Klauser, C. K., Martin, R. W., Magann, E. F., Chauhan, S. P., & Morrison, J. C. (2011). 

Bacterial vaginosis and fetal fibronectin as predictors for preterm delivery. Journal of the 

Mississippi State Medical Association, 52(3), 72–75. 

 

Christian, P., Labrique, A. B., Ali, H., Richman, M. J., Wu, L., Rashid, M., Klemm, R. D., & West, K. P. 

(2011). Maternal vitamin A and beta-carotene supplementation and risk of bacterial 

vaginosis: A randomised controlled trial in rural Bangladesh. American Journal of Clinical 

Nutrition, 94(6), 1643–1649. https://doi.org/10.3945/ajcn.111.014415 

 

Cunha, A., Rolo, C., Esteves, I., Mimoso, G., Carvalho, I., Rodrigues, T., Silva, P. T., & Mateus, A. (2022). 

Spontaneous preterm birth risk factors in a Portuguese cohort. BJOG: An International 

Journal of Obstetrics and Gynaecology, 129(2), 273–281. https://doi.org/10.1111/1471-

0528.16947 

 

Desseauve, D., Chantrel, J., Fruchart, A., Khoshnood, B., Brabant, G., Subtil, D., & Biquand, V. (2012). 

Prevalence and risk factors of bacterial vaginosis during the first trimester of pregnancy in a 

large French population-based study. European Journal of Obstetrics and Gynecology and 

Reproductive Biology, 163(1), 30–34. https://doi.org/10.1016/j.ejogrb.2012.03.022 

https://doi.org/10.1093/cid/ciu977
https://doi.org/10.1186/s13063-015-0988-9
https://doi.org/10.1001/jamapediatrics.2023.2183
https://doi.org/10.3945/ajcn.111.014415
https://doi.org/10.1111/1471-0528.16947
https://doi.org/10.1111/1471-0528.16947
https://doi.org/10.1016/j.ejogrb.2012.03.022


39 

 

 

Erchick, D. J., Christian, P., Khatry, S. K., Shrestha, L., Katz, J., LeClerq, S. C., & Tielsch, J. M. (2026). 

Vaginal microbiota in early pregnancy and risk of spontaneous preterm birth in rural Nepal. 

International Journal of Gynaecology and Obstetrics, 173(2), 1094–1104. 

https://doi.org/10.1002/ijgo.16125 

 

European Parliament and Council of the European Union. (2016). Regulation (EU) 2016/679 of the 

European Parliament and of the Council on the protection of natural persons with regard to 

the processing of personal data (General Data Protection Regulation). Official Journal of the 

European Union, L 119, 1–88. 

 

Fan, H., Zhang, Y., Cao, T., & Li, Z. (2025). Mechanisms of ascending infection in preterm birth: A 

comprehensive review. Frontiers in Cellular and Infection Microbiology, 15, 1547823. 

https://doi.org/10.3389/fcimb.2025.1547823 

 

Ferrante, L., Buca, D., Liberati, M., & Di Mascio, D. (2025). Vaginal microbiome and preterm birth: A 

systematic review of the evidence from 2014 to 2024. European Journal of Obstetrics and 

Gynecology and Reproductive Biology, 311, 114007. 

https://doi.org/10.1016/j.ejogrb.2025.114007 

 

Figueroa, R., Garry, D., Elimian, A., Patel, K., Sehdev, H., & Tejani, N. (2011). Bacterial vaginosis and 

cervical length in the prediction of preterm birth in women at risk. American Journal of 

Obstetrics and Gynecology, 204(1), 46.e1–46.e4. 

https://doi.org/10.1016/j.ajog.2010.08.006 

 

Gioan, E., Mares, P., de Tayrac, R., Bohbot, J. M., Me nard, J. P., Fornes, P., & Bretelle, F. (2018). 

Development of a nomogram for individual preterm birth risk evaluation in high-risk 

pregnant women. Journal of Gynecology Obstetrics and Human Reproduction, 47(10), 545–

548. https://doi.org/10.1016/j.jogoh.2018.08.012 

 

Goldenberg, R. L., Culhane, J. F., Iams, J. D., & Romero, R. (2008). Epidemiology and causes of preterm 

birth. The lancet, 371(9606), 75-84. https://doi.org/10.1016/S0140-6736(08)60074-4 

 

https://doi.org/10.1002/ijgo.16125
https://doi.org/10.3389/fcimb.2025.1547823
https://doi.org/10.1016/j.ejogrb.2025.114007
https://doi.org/10.1016/j.ajog.2010.08.006
https://doi.org/10.1016/j.jogoh.2018.08.012
https://doi.org/10.1016/S0140-6736(08)60074-4


40 

 

Goldenberg, R. L., Hauth, J. C., & Andrews, W. W. (2000). Intrauterine infection and preterm delivery. 

New England Journal of Medicine, 342(20), 1500–1507. 

https://doi.org/10.1056/NEJM200005183422007 

 

Goldenberg, R. L., Klebanoff, M., Carey, J. C., MacPherson, C., Leveno, K. J., & Wapner, R. J. (2005). 

Vaginal fetal fibronectin measurements from 8 to 22 weeks' gestation and subsequent 

spontaneous pre-term birth. American Journal of Obstetrics and Gynecology, 192(2), 442–

447. https://doi.org/10.1016/j.ajog.2004.07.004 

 

Hadhoum, S., Subtil, D., Labreuche, J., Couvreur, E., Brabant, G., Dessein, R., & Le Guern, R. (2024). 

Reassessing the association between bacterial vaginosis and preterm birth: A systematic 

review and meta-analysis. European Journal of Obstetrics and Gynecology and Reproductive 

Biology X. https://doi.org/10.1016/j.eurox.2024.100182 

 

Higgins, J. P. T., Thompson, S. G., Deeks, J. J., & Altman, D. G. (2003). Measuring inconsistency in meta-

analyses. BMJ, 327(7414), 557–560. https://doi.org/10.1136/bmj.327.7414.557 

 

Hoyme, U. B., & Huebner, J. (2010). Prevention of preterm birth and reduction in perinatal mortality 

using outpatient vaginal pH screening and therapy in a complete regional population. 

Gynecologic and Obstetric Investigation, 70(4), 286–290. 

https://doi.org/10.1159/000319483 

 

Jacobsson, B., Pernevi, P., Chidekel, L., & Platz-Christensen, J. J. (2002). Bacterial vaginosis in early 

pregnancy may predispose preterm birth and postpartum endometritis. Acta Obstetricia et 

Gynecologica Scandinavica, 81(11), 1006–1010. https://doi.org/10.1034/j.1600-

0412.2002.811103.x 

 

Khandre, V., Gadappa, S., Shingare, A., & Deshpande, S. (2022). Preterm birth: Etiopathogenesis, 

current and emerging therapeutic strategies. Cureus, 14(4), e24476. 

https://doi.org/10.7759/cureus.24476 

 

Lamont, R. F., Jørgensen, J. S., & Vodstrcil, L. A. (2017). The treatment of bacterial vaginosis in 

pregnancy with clindamycin to reduce the risk of infection-related preterm birth: A response 

https://doi.org/10.1056/NEJM200005183422007
https://doi.org/10.1016/j.ajog.2004.07.004
https://doi.org/10.1016/j.eurox.2024.100182
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1159/000319483
https://doi.org/10.1034/j.1600-0412.2002.811103.x
https://doi.org/10.1034/j.1600-0412.2002.811103.x
https://doi.org/10.7759/cureus.24476


41 

 

to the Danish Society of Obstetrics and Gynecology guideline group's clinical 

recommendations. Acta Obstetricia et Gynecologica Scandinavica, 96(2), 139–143. 

https://doi.org/10.1111/aogs.13065 

 

Lokken, E. M., Balkus, J. E., Lawther, N. S., Mandaliya, K. N., & Baeten, J. M. (2020). Preconception 

vaginal microbiota and risk of spontaneous preterm birth in Kenyan women: A prospective 

case-cohort study protocol. BMJ Open, 10(2), e035186. https://doi.org/10.1136/bmjopen-

2019-035186 

 

Luong, M. L., Libman, M., Fanous, M., Boudreau, D., Laferrie re, C., Zaporozan-Fatovich, R., & Labbe, A. 

C. (2010). Bacterial vaginosis in pregnancy and the risk of preterm birth. Journal of Obstetrics 

and Gynaecology Canada, 32(4), 313–320. https://doi.org/10.1016/S1701-2163(16)34461-

X 

 

Mancuso, M. S., Figueroa, D., Szychowski, J. M., Biggio, J. R., Tita, A. T., & Andrews, W. W. (2011). 

Cervicovaginal Ureaplasma urealyticum colonization and cervical length in women with 

threatened preterm labor. American Journal of Obstetrics and Gynecology, 204(4), 342.e1–

342.e5. https://doi.org/10.1016/j.ajog.2011.01.046 

 

Mikula, A., Wieczorek, J., Kacprzak, M., Krzyz anowski, J., & Paluszkiewicz, P. (2026). Bacterial 

vaginosis and vulvovaginal candidiasis in women with threatened preterm labor: 

Retrospective single-center cohort study. International Journal of Gynaecology and 

Obstetrics, 173(1), 463–469. https://doi.org/10.1002/ijgo.16010 

 

Milford, C., van der Straten, A., Stadler, J. K., & Smit, J. A. (2025). Psychosocial impact of bacterial 

vaginosis diagnosis: Qualitative study in Boston and Vulindlela, South Africa. BMC Women's 

Health, 26(1), 32. https://doi.org/10.1186/s12905-025-03528-4 

 

Mohanty, S., Sahoo, T., Palo, S. K., & Pati, S. (2023). Bacterial vaginosis and adverse pregnancy 

outcomes: A systematic review and meta-analysis. Archives of Gynecology and Obstetrics, 

308(4), 1247–1255. https://doi.org/10.1007/s00404-023-07053-3 

 

https://doi.org/10.1111/aogs.13065
https://doi.org/10.1136/bmjopen-2019-035186
https://doi.org/10.1136/bmjopen-2019-035186
https://doi.org/10.1016/S1701-2163(16)34461-X
https://doi.org/10.1016/S1701-2163(16)34461-X
https://doi.org/10.1016/j.ajog.2011.01.046
https://doi.org/10.1002/ijgo.16010
https://doi.org/10.1186/s12905-025-03528-4
https://doi.org/10.1007/s00404-023-07053-3


42 

 

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & The PRISMA Group. (2009). Preferred reporting 

items for systematic reviews and meta-analyses: The PRISMA statement. PLoS Medicine, 6(7), 

e1000097. https://doi.org/10.1371/journal.pmed.1000097 

 

Mulinganya, G., Verhaegen, J., Mirambo, M. M., Mushore, B., Kateera, F., Baganizi, E., De Weerdt, J., & 

Jacquemyn, Y. (2021). Prevalence, risk factors and adverse pregnancy outcomes of second 

trimester bacterial vaginosis among pregnant women in Bukavu, Democratic Republic of 

Congo. PLoS One, 16(10), e0257939. https://doi.org/10.1371/journal.pone.0257939 

 

Ng, H. J., Ng, Q. X., & Venkatanarayanan, N. (2023). Vaginal Lactobacillus: A detailed review of its role 

in pregnancy complications. Healthcare, 11(24), 3202. 

https://doi.org/10.3390/healthcare11243202 

 

Nori, S., Mohammed, K. A., Alwash, A. M., & Hasan, R. K. (2025). The implication of chlamydia and 

bacterial vaginosis among low-risk pregnant women with preterm birth: A prospective 

multicenter cohort study. BMC Pregnancy and Childbirth, 25(1), 904. 

https://doi.org/10.1186/s12884-025-07052-5 

Nugent, R. P., Krohn, M. A., & Hillier, S. L. (1991). Reliability of diagnosing bacterial vaginosis is 

improved by a standardized method of gram stain interpretation. Journal of Clinical 

Microbiology, 29(2), 297–301. https://doi.org/10.1128/jcm.29.2.297-301.1991 

 

Nulens, E., Moens, A., Bosteels, J., & Houben, E. (2024). PRIORI: A multicentre randomised controlled 

trial on the effects of synbiotic administration on adverse pregnancy outcomes in women at 

risk for preterm birth. Trials, 25(1), 615. https://doi.org/10.1186/s13063-024-08445-9 

 

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., Shamseer, L., 

Tetzlaff, J. M., Akl, E. A., Brennan, S. E., Chou, R., Gluud, C., Mayo-Wilson, E., McDonald, S., 

McGuinness, L. A., Stewart, L. A., Thomas, J., Tricco, A. C., Welch, V. A., ... Moher, D. (2021). The 

PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ, 372, 

n71. https://doi.org/10.1136/bmj.n71 

 

R Core Team. (2023). R: A language and environment for statistical computing (Version 4.3.2). R 

Foundation for Statistical Computing. https://www.R-project.org/ 

https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pone.0257939
https://doi.org/10.3390/healthcare11243202
https://doi.org/10.1186/s12884-025-07052-5
https://doi.org/10.1128/jcm.29.2.297-301.1991
https://doi.org/10.1186/s13063-024-08445-9
https://doi.org/10.1136/bmj.n71
https://www.r-project.org/


43 

 

 

Reid, G., Bocking, A., Delpech, V., Gray, R. H., Koutsky, L. A., Reid, H., & Watts, D. H. (2017). 

Chlamydiales in vaginal fluid: Association with bacterial vaginosis and risk of preterm birth. 

Clinical Microbiology and Infection, 23(2), 119.e9–119.e14. 

https://doi.org/10.1016/j.cmi.2016.10.020 

 

Rittenschober-Bo hm, J., Waldhoer, T., Schulz, S. M., Klebermass-Schrehof, K., Brandstetter, S., Witt, A., 

Farr, A., & Berger, A. (2018). Vaginal Ureaplasma parvum serovars and spontaneous preterm 

birth. Neonatology, 113(1), 1–6. https://doi.org/10.1159/000480461 

 

Rittenschober-Bo hm, J., Waldhoer, T., Schulz, S. M., Witt, A., Farr, A., & Berger, A. (2019). Vaginal 

Ureaplasma parvum serovar 3 is associated with preterm birth at less than 28 weeks of 

gestation. American Journal of Obstetrics and Gynecology, 220(6), 594.e1–594.e9. 

https://doi.org/10.1016/j.ajog.2019.02.008 

 

Romero, R., Espinoza, J., Gonçalves, L. F., Kusanovic, J. P., Friel, L., & Hassan, S. (2007). The role of 

inflammation and infection in preterm birth. Seminars in Reproductive Medicine, 25(1), 21–

39. https://doi.org/10.1055/s-2006-956773 

 

Salmanov, A. G., Verner, O. M., Khalavka, V. V., & Postolenko, L. O. (2023). Healthcare-associated 

bacterial vaginosis and preterm birth in Ukraine: A retrospective multicenter cohort study. 

Wiadomos ci Lekarskie, 76(10), 2313–2319. https://doi.org/10.36740/WLek202310116 

 

Saraf, V. S., Sheikh, S. A., Ahmad, A., Gillevet, P. M., Bokhari, H., & Javed, S. (2021). Vaginal microbiome: 

Normalcy vs dysbiosis. Archives of Microbiology, 203(7), 3793–3802. 

https://doi.org/10.1007/s00203-021-02414-3 

 

Schuster, I. S., Kakar, A., Almansa, B. A., Painter, R. C., van der Lee, N., Petersen, L. K., & Lashley, E. E. 

L. O. (2024). Vaginal microbiota and spontaneous preterm birth in high-risk women with a 

prior preterm birth. Heliyon, 10(10), e30685. 

https://doi.org/10.1016/j.heliyon.2024.e30685 

 

https://doi.org/10.1016/j.cmi.2016.10.020
https://doi.org/10.1159/000480461
https://doi.org/10.1016/j.ajog.2019.02.008
https://doi.org/10.1055/s-2006-956773
https://doi.org/10.36740/WLek202310116
https://doi.org/10.1007/s00203-021-02414-3
https://doi.org/10.1016/j.heliyon.2024.e30685


44 

 

Shimaoka, M., Yo, Y., Doh, K., Kotani, Y., Suzuki, A., Tsuji, I., Mandai, M., & Matsumura, N. (2019). 

Association between preterm delivery and bacterial vaginosis with or without treatment. 

Scientific Reports, 9, 509. https://doi.org/10.1038/s41598-018-36964-2 

 

Shiozaki, A., Yoneda, S., Yoneda, N., Yoneda, S., Ito, M., Kigawa, M., & Saito, S. (2014). Multiple risk 

factors for preterm birth identified by vaginal examination at mid-gestation in asymptomatic 

low-risk women: A prospective cohort study. Journal of Obstetrics and Gynaecology 

Research, 40(1), 53–61. https://doi.org/10.1111/jog.12168 

 

Sileo, F. G., Fournie , A., Papageorghiou, A., Bhide, A., & Bhatt, G. (2022). Role of vaginal infections in 

the prediction of spontaneous preterm labour: A prospective observational study. 

Gynecologic and Obstetric Investigation, 87(3–4), 184–190. 

https://doi.org/10.1159/000522710 

 

Subtil, D., Brabant, G., Tilloy, E., Devos, P., Canis, F., Fruchart, A., Bissinger, M. C., Faure, K., & Coulon, 

C. (2018). Early clindamycin for bacterial vaginosis in pregnancy (PREMEVA): A multicentre, 

double-blind, randomised controlled trial. The Lancet, 392(10160), 2171–2179. 

https://doi.org/10.1016/S0140-6736(18)31617-9 

 

Sungkar, A., Wiknjosastro, G. H., Wahyu, B. R., Ocviyanti, D., & Handaya, A. Y. (2012). Effectiveness of 

self-administered vaginal pH test for bacterial vaginosis screening in pregnancy. 

International Journal of Gynaecology and Obstetrics, 117(3), 264–267. 

https://doi.org/10.1016/j.ijgo.2012.01.016 

 

Swedish Government. (2003). Lag om etikpro vning av forskning som avser ma nniskor [The Act on 

Ethical Review of Research Involving Humans] (SFS 2003:460). Justitiedepartementet. 

 

Tabatabaei, N., Auger, N., Herba, C. M., De Asis, M. L., Zunzunegui, M. V., Fraser, W. D., & Wei, S. Q. 

(2019). Bacterial vaginosis and risk of spontaneous preterm birth in a diverse urban 

Canadian population. BJOG: An International Journal of Obstetrics and Gynaecology, 126(3), 

349–358. https://doi.org/10.1111/1471-0528.15496 

 

https://doi.org/10.1038/s41598-018-36964-2
https://doi.org/10.1111/jog.12168
https://doi.org/10.1159/000522710
https://doi.org/10.1016/S0140-6736(18)31617-9
https://doi.org/10.1016/j.ijgo.2012.01.016
https://doi.org/10.1111/1471-0528.15496


45 

 

Theiler, R. N., Farr, S. L., Karon, J. M., Paramsothy, P., Viscidi, R., Duerr, A., Cu-Uvin, S., Sobel, J., Shah, 

K., & Klein, R. S. (2024). High-risk sexual behaviour and vaginal microbiota: Diagnosis of 

bacterial vaginosis by molecular methods. Sexual and Reproductive Healthcare, 41, 100986. 

https://doi.org/10.1016/j.srhc.2024.100986 

 

Tucker, J., & McGuire, W. (2004). Epidemiology of preterm birth. BMJ, 329(7467), 675–678. 

https://doi.org/10.1136/bmj.329.7467.675 

 

Viechtbauer, W. (2010). Conducting meta-analyses in R with the metafor package. Journal of 

Statistical Software, 36(3), 1–48. https://doi.org/10.18637/jss.v036.i03 

 

Wells, G. A., Shea, B., O'Connell, D., Peterson, J., Welch, V., Losos, M., & Tugwell, P. (2013). The 

Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta-

analyses. Ottawa Hospital Research Institute. 

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp 

 

World Health Organization. (2023). Preterm birth: Key facts. World Health Organization. 

https://www.who.int/news-room/fact-sheets/detail/preterm-birth 

 

World Medical Association. (2013). World Medical Association Declaration of Helsinki: Ethical 

principles for medical research involving human subjects. JAMA, 310(20), 2191–2194. 

https://doi.org/10.1001/jama.2013.281053 

 

Yang, S., Reid, G., Challis, J. R. G., Kim, S. O., Gloor, G. B., & Bocking, A. D. (2020). Effect of oral probiotic 

Lactobacillus rhamnosus GR-1 and Lactobacillus reuteri RC-14 on the vaginal microbiota, 

immune and reproductive parameters of pregnant women. Nutrients, 12(2), 368. 

https://doi.org/10.3390/nu12020368 

 

Yefet, E., Ertracht, O., & Nachum, Z. (2020). Oral Lactobacillus rhamnosus GR-1 and Lactobacillus 

reuteri RC-14 supplementation during pregnancy to reduce the risk of preterm birth: Double-

blinded randomized crossover pilot study. Nutrients, 12(4), 1141. 

https://doi.org/10.3390/nu12041141 

 

https://doi.org/10.1016/j.srhc.2024.100986
https://doi.org/10.1136/bmj.329.7467.675
https://doi.org/10.18637/jss.v036.i03
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.who.int/news-room/fact-sheets/detail/preterm-birth
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.3390/nu12020368
https://doi.org/10.3390/nu12041141


46 

 

Yo, Y., Imai, K., Shimaoka, M., Kotani, Y., Suzuki, A., Tsuji, I., & Mandai, M. (2023). The effect of sexual 

intercourse during pregnancy on preterm birth considering the vaginal microenvironment. 

Healthcare, 11(11), 1657. https://doi.org/10.3390/healthcare11111657 

 

Zhu, L., Luo, F., Hu, W., Han, Y., Wang, Y., Zheng, H., Guo, X., & Qin, J. (2022). Bacterial communities in 

the womb during healthy pregnancy. Microbiology and Molecular Biology Reviews, 86(4), 

e0018121. https://doi.org/10.1128/mmbr.00181-21 

 

 

 

 

 

https://doi.org/10.3390/healthcare11111657
https://doi.org/10.1128/mmbr.00181-21

