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Abstract
Purpose Bacterial vaginosis is a common genital tract disorder. It can lead to preterm birth but its
contribution and extent is equivocal. Bacterial vaginosis is a treatable cause of preterm birth if diagnosed
and treated correctly. The study desired to confirm the relationship between bacterial vaginosis and
preterm.

Methods It was a meta-analysis. Articles published from 2008 to 2018 were included. The studies
conducted to measure the strength of association between Bacterial Vaginosis and Preterm Birth by any
statistical test were included. Studies with only conceptual aspects and qualitative data were excluded
from the meta-analysis. Four search engines were identified, PubMed, Google Scholar, Cochrane, and
LILAC. Forest plots were plotted separately for Odds Ratio (OR) and Relative Risk.

Results After extensive search 11 studies giving 14 relevant results with 20,894 participants were
included. This meta-analysis proves that Bacterial Vaginosis is strongly associated with preterm birth.
The risk of preterm delivery is >2-folds in women with bacterial vaginosis (OR, 2.79; 95% CI, 2.29 to 3.41).
The combined or pooled risk ratio (RR) of pregnant women with bacterial vaginosis having a preterm
birth or preterm delivery is 1.52 (RR, 95% C.I.=1.33 to 1.74).

Conclusion Our study shows a strong association between Bacterial vaginosis and preterm birth. The
study concludes that investigation for bacterial vaginosis and management accordingly should be a part
of the routine examination of a pregnant woman. The health system must initiate this strategy at the
earliest to reduce prevalence of preterm births and thereby neonatal mortality. 

Introduction
Bacterial vaginosis (BV) is the most common lower genital tract disorder among women of reproductive
age [1]. The imbalance between commensal and pathogenic bacteria leads to bacterial vaginosis. In a
healthy lower genital tract, Lactobacillus crispatus constitutes 95% of the vaginal flora; among cases of
Bacterial Vaginosis (BV), Lactobacillus crispatus are dramatically reduced, and an overgrowth of various
anaerobic bacteria exists [2–4]. In BV, there is an overgrowth of different gram-negative and/or anaerobic
bacteria, such as Gardnerella vaginalis, Atopobium species., Megasphaera phylotype 1 species.,
Mobiluncus species., Ureaplasma urealyticum, Provetella, Peptostreptococcus, and Mycoplasma
hominus [2, 5]. Bacterial vaginosis (BV) affects millions of women, is highly prevalent among low-income,
urban pregnant women, and is frequently chronic [6]. The BV can be diagnosed by scoring bacterial
morphotypes from a Gram stain of vaginal fluid, assigning a Nugent score between 0 and 10. A score of
0–3 represents "normal vaginal flora”, 4–6 means "intermediate vaginal flora”, 7–10 are considered
diagnostic for bacterial vaginosis [5]. BV can be diagnosed clinically by the presence of three of the
following four signs first described by Richard Amsel in 1983:

1. Presence of an adherent and homogeneous vaginal discharge.
2. A vaginal pH > 4.5.
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3. Detection of clue cells (vaginal epithelial cells so covered by bacteria as to render the borders
indistinct) on saline wet mount.

An amine odor (positive ‘whiff test’) after adding the amine potassium hydroxide (10%) to the vaginal
secretions can also be predictive in the field [7]. The term vaginosis is preferred over vaginitis because of
the absence of leukocytes in vaginal fluid. It can lead to other issues only during pregnancy.

Bacterial vaginosis is associated with chorioamnionitis [8], postpartum endometritis, postsurgical
infections, pelvic inflammatory disease, and preterm birth. However present study focuses on preterm
birth only. These Bacterial vaginosis-associated bacteria contribute to spontaneous preterm birth through
localized inflammation of the endometrium creating an environment incompatible with proper placental
formation and growth and/or by circulating cytokine production resulting in PPROM and subsequent
Spontaneous Preterm Birth [9]. Preterm birth is defined as babies born before 37 weeks (259 days) of
gestation. Based on gestational age, preterm is categorized into three groups.

1. Extremely preterm (< 28 weeks- 196 days)
2. Very preterm (28 to < 32 weeks:196–224 days)
3. Moderate to late preterm (32 to 37 weeks:224–259 days).

Despite the voluminous literature evaluating Bacterial Vaginosis and preterm birth, many doubts remain
about Bacterial Vaginosis and its association with preterm birth. Its association with the most severe
neonatal sequelae and the different strengths of the association between Bacterial Vaginosis and
preterm birth were observed in diverse populations [1]. A few meta-analyses studies are published, but
most are 15 years old.

Objective: To confirm the association between Bacterial Vaginosis and Preterm Birth through Meta-
analysis.

Material And Methods

Study Setting
The study was carried out in a private medical college's Department of Community Medicine.

Study Design
It is a Meta-analysis.

Sampling Technique
We included all articles from 2008 to 2018 which satisfy selection criteria in English and another
language (translated) among four search engines- PubMed, Cochrane, Google Scholar, and LILAC. We
searched these search engines for the keywords “Bacterial Vaginosis” and “Preterm Birth and/or Preterm
Delivery”.
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Inclusion Criteria
All the studies conducted for assessing association between Bacterial Vaginosis and Preterm Birth by
any statistical test.

Exclusion Criteria
Studies with only conceptual data and qualitative data.

Duration of Study
1st November 2018 to 31st March 2020.

Data selection and collection
All the abstracts were read, and if found relevant, full content was viewed. In PubMed, the keywords
[Bacterial vaginosis] AND [Preterm birth] were searched as MeSh. In PubMed, 110 articles were found in
the last ten years, out of which 11 results had RR in their abstract and nine had OR. In Cochrane, the
keyword Bacterial vaginosis and preterm birth was searched. In the last ten years, only three review
articles have been published. In Google Scholar, keywords “Vaginosis, Bacterial” vaginosis AND “Preterm
birth” yielded 240 results, out of which only 90 were full-text articles. Only eight results had either RR or
OR. Rest 82 articles were either review articles, letters to editors, or qualitative data articles. Seven articles
were repeated; they were found in PubMed as well. Articles were also received from feeds from Mendeley
with the exact keywords, which yielded 20 articles. Only one article was eligible; the rest were excluded; 9
were duplicates, 6 were review articles, and 4 had qualitative data. In LILAC, 25 results were available
after searching the keywords. All articles were in Spanish with English translation. None of these 25
articles were eligible as 20 didn’t mention their results, so the required data could not be extracted. Full
articles could not be accessed for the rest of the five articles. Six studies had more than one result; they
were counted separately and were entered independently into the excel sheet. So, finally, 22 articles were
eligible for this study.

The PRISMA flow diagram in Fig. 1and 2 provides an overview of the study selection process. The
investigator searched for literature, inclusion and exclusion criteria, and data extraction.

Data Analysis
The collected data were coded and entered into a Microsoft Excel sheet. Each study is summarized by
estimating the effect (the result), that is, either OR or RR. Odds Ratio and Risk Ratio with a 95%
confidence interval were taken from the abstract of individual studies. Following the Fixed Effect Model
for meta-analysis, combined estimates from individual studies as a weighted average were calculated.

Results
The extensive search identified 14 relevant results with 20,894 participants from 11 studies [10–19].
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Two studies had more than one effect size; all the respective effect sizes have been considered for those
studies. We allotted a study number to each result out of 14.

Six results from four articles have RR as their effect size, and eight results from seven studies have OR as
their effect size.

Two of these results were extracted for outcomes of preterm delivery at < 34 weeks. One result had the
delivery outcome at 34–37 weeks, and nine had their results extracted for delivery outcomes at < 37
weeks. Two results were extracted separately from a single study for preterm birth at ≤ 34 weeks and ≤ 
37 weeks. Three studies had miscarriage along with PTB as primary outcomes. Result for spontaneous
preterm birth was also calculated in seven results. In one study, three different statistics were calculated
for spontaneous preterm birth at < 34 weeks, 34–37 weeks, and < 37 weeks. Whereas two studies also
estimated the outcome of low-birth-weight children. One study had premature rupture of membranes and
abortion and PTB as primary outcomes. In one retrospective study, the primary outcomes were bacterial
vaginosis, abnormal vaginal flora, and aerobic vaginitis. In another retrospective study, the association
was seen between infants having five outcomes (assisted ventilation/respiratory distress at birth,
admission to neonatal intensive care unit admission, neonatal sepsis, fetal mortality, and infant
mortality) with exposure to Bacterial vaginosis during the antenatal period of their mother.

The inclusion criteria of different studies were bacterial vaginosis with a high-risk pregnancy, Bacterial
vaginosis exposed and unexposed preterm birth and term delivery, asymptomatic pregnant women with
no prior risk factor or history of Preterm delivery, pregnancy with a history of spontaneous preterm birth,
preterm labor, low-risk pregnant women and women at their first antenatal visit.

Six studies used the Nugent score for the diagnosis of Bacterial vaginosis. One study has a diagnosis
based on both Nugent score and real-time quantitative polymerase chain reaction assays. The diagnosis
of three studies was based on lacto bacillary grades and modification of Schröder’s classification. Two
studies used Amsel criteria for the diagnosis of bacterial vaginosis.

Three studies did a screening at the gestational age of 20 weeks; screening was done between 6–20
weeks in one study, and another study had the screening done between 14–28 weeks. The screening was
done between 10–14 weeks for two studies and between 15–27 weeks for one study. One study did a
screening at 9–16 weeks and another at 20–37 weeks. Two studies did screening twice- once < 16 weeks
and again between 20–24 weeks; another did the first screening at 24–37 weeks and again after more
than 37 weeks.

Table 1 focuses mainly on the results of each study. Figure 3 shows the Forest plot of pooled RR of all
the eligible results.
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Table 1
Results of individual studies

Study
no.

First
author
and year

Study design Results including risk ratio (RR) or odds ratio (OR) with 95%
confidence limits in brackets

1 Krauss
Silva L,
2014

Prospective
Study

• (n = 1699); 42.4% of the smears
collected < 14 weeks’ gestation.

Follow up- 8 weeks.

• Nearly 40% of the initially BV
positive women became BV
negative.

• The prevalence of BV among
white women was 28.1% (24.6
to32.0%) and among black women
32.5% (28.2 to 37.2%).

The RR of spontaneous
preterm delivery (PD) < 
34 weeks among BV
women with pH > = 4.5,
as compared with those
with intermediate state,
were 1.24.

2 Krauss
Silva L,
2014

Prospective
Study

The RR of spontaneous
PD 34- < 37 weeks
among BV women with
pH > = 4.5, as compared
with those with
intermediate state, were
2.49.

3 Krauss
Silva L,
2014

Prospective
Study

The RR of spontaneous
PD < 37 weeks among
BV women with pH > = 
4.5, as compared with
those with intermediate
state, were 1.86.

4 Harper L
M, 2012

Secondary
analysis of a
Prospective
study

• Of 1453 women screened, 792 (54.5%) were diagnosed with
BV.

• Neither women with BV in the first trimester nor PD was at
higher risk of spontaneous preterm delivery RR for BV = 
1.1(0.81 to 5).

5 Bretelle
F, 2015

Prospective
multicenter
national
study

• In 813 pregnancies, high vaginal loads of either or both of A.
vaginae and G. vaginalis were associated with preterm birth
[hazard ratio = 3.9 (1.1 to14.1); P = 0.031].

6 Dingens
A S,
2016

Retrospective
cohort study

• BV was associated with preterm birth [RR = 1.55 (1.34 to
1.78)].

• BV was associated with an increased risk of assisted
ventilation/ respiratory distress at birth [aRR = 1.28 (1.02
to1.61), NICU admission [aRR = 1.42 (1.11to 1.82)], and
neonatal sepsis [aRR = 1.60 (1.13 to 2.27) among full-term
infants.

• Among preterm infants, BV-exposure was associated with an
increased risk for NICU admissions only [aRR = 1.24 (1.04
to1.46)].
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Study
no.

First
author
and year

Study design Results including risk ratio (RR) or odds ratio (OR) with 95%
confidence limits in brackets

7 Nelson
D B,
2014

Prospective
Study

• In addition, pregnant women with a prior PTD and increasing
levels of Leptotrichia/Sneathia species [aOR = 9.1 (1.9 to 42.9)],
BVAB1 [aOR = 16.4 (4.3 to 62.7)] or Megasphaera phylotype 1
[aOR = 6.2 (1.9 to 20.6)], through 24 weeks gestation, were
significantly more likely to experience a spontaneous preterm
delivery.

8 Jones N
M, 2010

Pregnancy
Outcomes
and
Community
Health
(POUCH)
Study

• Women with a Nugent Score of ≥ 4 and the TNFα − 238 A/G
or A/A were at increased risk of delivering preterm
[race/ethnicity adjusted OR = 2.6; (1.2 to 5.8)].

9 Johnson
H L,
2010

Case Control
Analysis

• Of the pregnant women, 22% experienced an (APO) Adverse
Pregnancy Outcome (7% preterm birth, 4% low birth weight, and
12% preterm birth and low birth weight).

• BV is associated with PTB, OR = 1.33 (0.88 to 2.02)

10 Donders
G G,
2009

Surveillance
study

• Women without abnormalities of the vaginal flora in the first
trimester had a 75% lower risk of delivery before 35weeks
compared with women with (AVF) Adverse Vaginal Flora [OR = 
0.26 (0.12 to 0.56)].

• The absence of lactobacilli (AVF) was associated with
increased risks of preterm birth [OR = 2.4 (1.2 to 4.8)], early
preterm birth [OR = 6.2 (2.7 to 14)] and miscarriage [OR = 4.9
(1.4 to 17)]. BV was associated with increased risks of PTB
[OR = 2.4 (1.1 to 4.7)], early preterm birth [OR = 5.3 (2.1 to 12.9)]
and miscarriage [OR 6.6 (2.1 to 20.9)] and coccoid AV was
associated with increased risks of early preterm birth [OR = 3.2
(1.2 to 9.1)] and miscarriage [OR = 5.2 (1.5 to 17)].

• In women with BV, partial BV had a detrimental effect on the
risk of preterm birth for all gestational ages, but full BV did not.

• Preterm deliveries later than 24weeks + 6days were more
frequent when M. hominis was present [early preterm birth, OR 
= 13.3 (3.2 to 55)].

11 Nejad V
M, 2008

Case Control
Study

• The estimated OR for positive history of preterm labour was
3.75 (1.19 to12.6; P = 0.010) by classic calculation that did not
differ significantly and was 3.5 (1.3 to 9.7; P = 0.012) after
logistic regression.

• The obtained OR for bacterial vaginosis was 2.63 ( 1.03 to
6.85; P = 0.024) after decrease in logistic regression
calculation.

12 Yzeiraj-
Kalemaj
L, 2013

Case Control
Study

• A higher prevalence of bacterial vaginosis in women showing
preterm labor activity, when compared with the other group,
respectively, 32% and 14,6% with an OR (odds ratio) = 2.73
(1.22 to6.11; P = 0.013)
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Study
no.

First
author
and year

Study design Results including risk ratio (RR) or odds ratio (OR) with 95%
confidence limits in brackets

13 Donders
G G,
2010

Surveillance
study

• Short cervix (CL below the lower
quartile) at 10–14 weeks is related
to a lower CL at 20–24 and 30–34
weeks of gestation (p = 0.01, p = 
0.005 respectively).

• Short cervix at 20–24 weeks, but
not at 10–14 weeks, was predictive
for preterm birth. In patients with
M. hominis and/or with severe AV
at 10–14 weeks, the cervix
appeared shorter at 20–24 and at
30–34 weeks than in other women.

• Increased risk for preterm birth in
women with a shorter cervix at 10–
14 weeks and AVF could not be
proved by this study.

Absence of lactobacilli
at the first visit at 9–15
gestational weeks was
associated with an
increased risk for
preterm delivery ≤ 37
weeks [OR 2.3 (1.3 to
3.9); P = 0.0035].

14 Donders
G G,
2010

Surveillance
study

Absence of lactobacilli
at the first visit at 9–15
gestational weeks was
associated with an
increased risk for
preterm delivery ≤ 34
weeks [OR = 4.8 (2 to
12); P = 0.0027)].

The combined or pooled risk ratio of pregnant women with bacterial vaginosis having a preterm birth or
preterm delivery is 1.52 (95% C.I.=1.33 to 1.74). The statistic indicates a strong association between
preterm birth and bacterial vaginosis. The risk was low when RR was calculated for subgroups of studies
that screened for bacterial vaginosis at < 20 weeks of gestation (1.17; 95% CI = 0.81 to 1.69). This RR is
the same (1.17; 95% CI = 0.81 to 1.69) for the subgroups of studies with the primary outcome as
Spontaneous Preterm Birth (SPTB).

Figure 4 shows the Forest plot of pooled Odd’s Ratio (OR) of all the eligible results. The combined or
pooled odd ratio is 2.79 (2.29–3.41).

The chances were higher when calculated for subgroups of studies that screened for bacterial vaginosis
at > 20 weeks of gestation (odds ratio, 3.94; 95% CI, 3.03–5.13).

The author drew forest plots using Microsoft Excel rather than using SPSS software.

Discussion
There is a lack of knowledge regarding the clinical circumstances that emphasize bacterial vaginosis and
preterm birth. Information is also not clear regarding the optimal time for diagnosing bacterial vaginosis
and its association with obstetric and neonatal sequelae. Due to ambiguous conclusions, the only answer
is a meta-analysis to assess the association between bacterial vaginosis and preterm birth. This meta-
analysis includes new evidence, emphasizing different results extracted from the same study, considering
retrograde studies, and identifying the interventions and outcomes.
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This meta-analysis shows a strong association between bacterial vaginosis and preterm birth. Preterm is
a significant health problem in India. It is among the ten countries with the most significant number of
preterm birth (India, 351,900) [21]. Preterm birth or preterm delivery or prematurity is the single most
important cause of death in the critical first month of life, and it is the second-leading cause of death in
children under five years of age.

Preterm birth is mainly caused due to multiple pregnancies, infections, and chronic conditions such as
diabetes and high blood pressure [22]. Amongst all infections, bacterial vaginosis is significant, which
can cause adverse obstetric and fetal outcomes.

Few reasons have been incriminated bacterial vaginosis like, new or multiple sex partners, cervical
douching, etc. can disturb the balance of vaginal microbiota [23]. Having bacterial vaginosis may elevate
the risk of getting other STDs. Pregnant women with bacterial vaginosis can give rise to preterm birth or
babies with low birth weight. Many cases go asymptomatic, so it’s crucial to diagnose it during the
antenatal period. So, screening should be done during early antenatal visits. Diagnosis is mainly made
via Nugent score or Amsel criteria. If an affected pregnant woman doesn’t get treated, it will increase
adverse fetal outcomes, especially preterm birth. Therefore, these two variables (bacterial vaginosis and
preterm birth) have been chosen to do a meta-analysis and estimate their association.

The inherent difficulties for comparison were the period of gestation of diagnosis was not uniform and
the investigators have studied outcome as various gestations. Almost all the studies considered for
conducting this meta-analysis favored the association between bacterial vaginosis and preterm birth.
Four studies showed an intermediate risk of bacterial vaginosis causing preterm birth, and two studies
showed a higher risk of getting preterm. Seven studies had a strong association between bacterial
vaginosis and preterm birth, and only one study showed an intermediate association. However, two
studies interpreted no association of bacterial vaginosis with preterm birth.

This meta-analysis proves that Bacterial Vaginosis is strongly associated with preterm birth. The risk of
preterm delivery is > 2 folds in women with bacterial vaginosis (OR = 2.79; 95% CI, 2.29 to 3.41). Bacterial
vaginosis late in pregnancy is a much stronger risk factor for preterm delivery than bacterial vaginosis
infection in early pregnancy. The risk of bacterial vaginosis causing preterm delivery is four times in late
pregnancy. In a meta-analysis, Harald Leitch et al. calculated higher risks for women screened for
bacterial vaginosis at < 16 weeks of gestation (OR = 7.55; 95% CI, 1.80 to 31.65) or at < 20 weeks of
gestation (OR = 4.20; 95% CI, 2.11–8.39). This study also had a significantly higher risk of spontaneous
abortion (OR = 9.91; 95% CI, 1.99 to 49.34). The pooled OR of this meta-analysis is similar to the present
study (OR = 2.19; 95% CI, 1.54 to3.12). This meta-analysis included 18 studies with 20,232 patients. They
concluded that bacterial vaginosis early in pregnancy is a strong risk factor for preterm delivery and
spontaneous abortion [24].

Another meta-analysis on treating abnormal vaginal flora in early pregnancy with clindamycin to prevent
spontaneous preterm birth calculated the separate relative risk for spontaneous preterm birth at < 37
weeks and < 33 weeks. In both the conditions, it showed low risk. (RR at < 37weeks = 0.60; 95%; CI, 0.42 to
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0.86 and RR at < 33 weeks = 0.44; 95% CI, 0.14 to1.41). they included five trials with 2346 women as
study participants. They concluded that administration of clindamycin at < 22weeks of gestation was
associated with a significantly reduced risk of preterm birth [25].

Flynn C A et al. did a meta-analysis to determine the magnitude of risk conferred by bacterial vaginosis
during pregnancy on preterm birth. They included 19 studies. For preterm delivery, the summary OR was
1.85, 95% CI, 1.62 to 2.44. They also concluded that bacterial vaginosis was a risk factor for low birth
weight (OR = 1.57; 95% CI, 1.32 to1,87), preterm premature rupture of membranes (OR = 1.83; 95% CI, 1.39
to 2.44), and preterm labor (OR = 2.19; 95% CI, 1.73 to 2.76). Pooling adjusted ORs gave a 60% increased
risk of preterm delivery in the presence of bacterial vaginosis [26]. The references included in these meta-
analyses were not a part of our study because they did not fit our inclusion criteria as they were old
studies.

So now, we have established a definite relationship between bacterial vaginosis and preterm birth. What
about the further implications? There is a lot to know about what should be done after diagnosing
bacterial vaginosis, measures to prevent it, control it, and prevent reinfection during the rest of the
pregnancy. There is a question of the availability of effective treatment. Various study results about
antibiotic use are ambiguous.

What should be the ideal time for screening for bacterial vaginosis, the perfect gestational age of
investigation? Should only pregnant women be targeted, what about non-pregnant women of their
reproductive age, and what precautions should be taken. These are the issues generated through this
meta-analysis.

Limitations
There are a few limitations to this meta-analysis. We did not use some acknowledged search engines as
they require substantial payment. Many articles have inadequate data; hence the authors did not consider
them in the meta-analysis. Every study has the limitation of non-inclusion of unpublished data to which
authors don’t have any access. Thus, all biases found in any meta-analysis are applicable in our study
also.

Conclusion
Our study shows a strong association between Bacterial vaginosis and preterm birth. This concludes that
investigation for bacterial vaginosis should be a part of routine examination of a pregnant woman.
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Flowchart of studies for risk ratio

Figure 2

Flowchart of studies for odds ratio
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Figure 3

Forest plot for risk ratio from various studies
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Figure 4

Forest plot for odds ratio from various studies


