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Background and Aim: In the present study, the potential changes of oral microbes during pregnancy
were investigated by examining the findings of the previous studies and comprehensively examining
their results. The relationship between oral microorganisms and birth outcomes and adverse labor
outcomes was investigated; to provide sufficient evidence. The purpose of the present study was to
evaluate periodontal disease in oral microorganisms during pregnancy.

Materials and Methods: All articles were published between January 2011 and January 2023 in
international databases, including PubMed, Scopus, Science Direct, and Embase. To answer the
research questions, the Google Scholar search engine employed the PECO strategy. STATA.V17
software was used to analyze the data.

Results: Two hundred and eighteen studies were found in the initial search; 63 full texts were
reviewed; and finally, 14 articles were included in the analysis. The mean differences in salivary
S. mutans carriage before and after prenatal dental treatment were 0.92 (MD; 95 CI [0.57, 1.27],
P > 0.05). The odds ratio of association between perinatal mortality and periodontal treatment
was —0.88 (OR; 95 CI[-2.53, 0.76], P> 0.05) and the odds ratio of association between pre-term birth
and periodontal treatment was —0.31 (OR; 95 CI [-0.70, 0.09], P > 0.05). There was a statistically
significant relationship between birth weight and periodontal treatment during pregnancy.
Conclusion: According to the present meta-analysis, periodontal treatment can reduce the odds
ratio of perinatal mortality and pre-term birth by 88% and 31%, respectively. High association of
microorganisms between pregnancy and postpartum requires further study.

Relevance for Patients: In the findings of the present study, it is observed that during pregnancy, there
is a direct relationship between periodontal disease with low birth weight, perinatal mortality, and pre-
term delivery; however, the high association of microorganisms between pregnancy and postpartum
requires further study. Oral microforms are reported to be affected in pregnant women, and they should
take extra care of their mouth and teeth. Sufficient and strong evidence can help to improve the health
outcomes of mothers and children.

1. Introduction

During pregnancy, physiological changes occur in the body of women. In general,
these changes maintain stable conditions for the mother and fetus; hormonal changes and
dietary changes in pregnant women increase the risk of oral diseases such as periodontal
disease and tooth decay [1]. In pregnant women, studies have shown that these changes
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affect the microbial composition of the body [2]. The human
oral microbiome database has identified over 700 commensals
that are present in the oral cavity, creating a complex and diverse
microbiome [3]. Microbial changes in the mouth can affect both
mother and baby. It is essential to study the relationship between
oral microbial changes and birth outcomes [4]. Changes in the oral
microbiota during pregnancy and the increased risk of oral diseases
in pregnant women should be studied to take appropriate measures
by examining the diversity of components of the oral microbiome
and their relationship to birth outcomes [5]. According to studies
on pregnant women, tooth decay is associated with an increased
risk of Streptococcus mutans [6,7].

Other studies have shown that increased levels of periodontal
pathogens are more common in pregnant women. However, there
needs to be stronger and more sufficient evidence. Further studies
should examine these findings to reach a definite consensus by
comprehensively evaluating the available evidence. In a recent
systematic review, it was reported that there was a positive
association between adverse pregnancy outcomes and periodontal
disease [8-10]. Studies also show that periodontal disease is
likely to have an effect on birth outcomes, including the delivery
of premature and low birth weight babies. However, there are
contradictions between the findings of the studies [11-15]. In a
narrative review by Tettamanti et al. (2017), observed that there
was no relationship between periodontal disease and adverse
pregnancy outcomes, and periodontal disease treatment during
pregnancy does not provide overall protection against adverse
pregnancy outcomes [16]. According to research, Porphyromonas
gingivalis has a higher prevalence of oral microorganisms in
women with pre-term labor [17].

On the other hand, studies have shown that diagnosing
periodontal anaerobes in subgingival plaque can reduce the risk of
preterm delivery [18]. However, studies have reported conflicting
results that there is no direct link between increased periodontal
bacteria and preterm labor [19]. Therefore, reviewing the results
of various studies related to oral microorganisms and birth
outcomes is important. Because maternal oral health is directly
related to infant health, the vertical transmission of oral pathogens
from mother to infant should be carefully considered. According
to the findings of studies, reducing maternal oral pathogens during
pregnancy is very important and, on the other hand, can reduce
oral pathogens in the baby’s oral cavity. Therefore, in the present
study, the potential changes of oral microbes during pregnancy
were investigated by examining the findings of the previous studies
and comprehensively examining their results. The relationship
between oral microorganisms and birth outcomes and adverse
labor outcomes was investigated; to provide sufficient evidence.

2. Materials and Methods

Databases of PubMed, Scopus, Science Direct, ISI, Web of
Knowledge, and Embase were searched for systematic literature
between January 2011 and January 2023. A review of the results
of studies from the past 10 years can provide newer results. Use
the MeSH Database to build searches in PubMed:

(“Pregnancy”’[Mesh]) OR (“Pregnancy Trimesters”’[Mesh] OR
“Pregnancy Trimester, Third”[Mesh] OR “Pregnancy Trimester,
Second”[Mesh] OR “Pregnancy Trimester, First”[Mesh]))
OR “Postpartum Period”[Mesh]) AND “Oral Health”’[Mesh]
AND “Mouth”[Mesh]) AND “Microbiota”[Mesh]) AND
“Dental Care”’[Mesh]) AND “Microorganisms, Genetically-
Modified”[Mesh]) AND “Pregnancy Complications”[Mesh])
AND (“Premature Birth”[Mesh] OR “Term Birth”’[Mesh] OR
“Live Birth”[Mesh])) AND “Periodontal Index”’[Mesh].

Key considerations PRISMA was the basis of the present
study [20] and PECO strategy to answer the research questions as
shown in Table 1.

2.1. Eligibility criteria

Inclusion criteria: Only articles published in English,
randomized clinical trials, prospective and retrospective studies,
sample size above 10, and complete data were included in the
study.

Exclusion criteria: Case studies, case reports and reviews
papers; studies without full text access were excluded from the
study.

2.2. Selection of the study, data extraction, and analysis methods

Data from studies were reported according to the study,
year, design, age, patient number, group, sample source, and
microorganisms. The quality of randomized control clinical
trial studies was evaluated using the Cochrane Collaboration’s
tool [21]. High and unclear risk received a scale score of 0,
while the low risk scored 1. The scores on the scale range from
0 to 6. High quality means a higher score. The quality of studies
was measured using Risk of Bias in Non-Random Studies of
Interventions (ROBINS-I) [22]. The categories for risk of bias
judgements are “Low risk”, “Moderate risk”, “Serious risk”, and
“Critical risk” of bias. Importantly, “Low risk” corresponds to
the risk of bias in a high-quality randomized trial. The response
options are: “Yes”, “Probably yes”, “Probably no”, “No, and “No
information”. Responses of “Yes” are intended to have similar
implications to responses of “Probably yes” (and similarly for
“No” and “Probably no”).

The full texts and abstracts of the included articles were
reviewed by two blinded reviewers who independently extracted
data. Before the screening, the level of agreement between
the reviewers was evaluated using kappa statistics. The 95%
confidence interval for mean differences and the risk ratio with
invariance or Mantel-Haenszel was calculated because the kappa

Table 1. PECO strategy

PECO strategy Description

P Population: Pregnant women

E Exposure: Oral microorganisms

C Comparison: Pregnancy stages, during
pregnancy, pregnant and non-pregnant women

(6] Outcome: Oral microbial, periodontal disease,

and birth outcome
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values were higher than 0.80. Random effects were utilized to
address potential heterogeneity, and 1> showed heterogeneity.
The level of heterogeneity was evaluated using the I?* index
test (I < 50% = Low levels, 50 < I? < 75% = Moderate and
I* > 75% = High levels). STATA.V17 software was used for the
data analysis.

3. Results

After the initial search for articles in databases, 282 articles
were identified. Duplicate articles were removed (n = 80) after
all articles were imported into the EndNote.X8 software. In the
second step, 202 articles were entered and examined. After being
reviewed for titles and abstracts, 139 unrelated articles were
excluded from the study. The full text of 63 articles was reviewed
in the third stage. Finally, 15 articles that met the inclusion criteria
and were published between January 2011 and January 2023
entered the analysis (Figure 1).

3.1. Characteristics

The present article includes one retrospective study, five cross-
sectional studies, six RCT studies, and three prospective cohorts.

The sample size was 1,388,272 (Table 2). The sample source and
microorganisms evaluated are reported in Table 2.

3.2. Risk assessment

According to Cochrane Collaboration’s tool, six randomized
clinical trial study had high quality (low risk of bias) and
according to ROBINS-I tool, six studies had low risk of bias and
three studies had Middle risk of bias (Tables 3 and 4).

3.3. Effect of pregnancy status on Candida carriage in saliva

The mean difference of oral Candida during pregnancy
between pregnant and non-pregnant women was 0.05 (MD; 95
CI (0.03 — 0.08), P > 0.05) (I> = 0.00%; P = 0.45). According
to Figure 2, no difference was observed between groups
(Figure 2).

The mean difference of Candida carriage between non-
pregnancy and first trimester was 0.31 (MD; 95 CI (0.15 — 0.47),
P > 0.05) (I’= 0.00%; P = 0.33). According to Figure 2, no
difference was observed between groups (Figure 2).

Themeandifferenceof Candidacarriagebetweennon-pregnancy
and third trimester was 0.69 (MD; 95 CI (0.31 — 1.08), P > 0.05)

L Identification of studies via databases and registers ]

5 Records identified from*:

i Databases (n =282)

Records removed before the screening:
Duplicate records removed (n = 80).

Records marked as ineligible by

automation tools (n = 0).

Records removed for other reasons (n
=0).

(n=15)

Records screened Records excluded**
@=202) (a=139)
g Reports sought for retrieval. Reports not retrieved
(n=0) (a=0)
Reports assessed for eligibility Reports excluded
(n=63) (n=48)
g Reports of included studies

Figure 1. PRISMA 2020 checklist.
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Table 2. Summary of studies characteristics

Study. years Study design Sample size Source Microorganisms

Experimental Control

group group
Chen et al., 2022 [23] Retrospective 1,386,887 Periodontal emergency ~ NR
treatment
Aikulola et al., 2020 [24] Cross-sectional 26 32 Oral swab S. aureus, N. catarrhalis, K. pneumonia, E. coli,
P. melaninogenicus, P. propionicum, V. pervula,
S. viridans, Coagulase negative Staphylococcus
Huang ez al., 2020 [25] Cross-sectional 84 33 Saliva P. gingivalis, P. intermedia, P. nigrescens
Sparvoli et al., 2020 [26] Cross-sectional 42 18 Oral swab NR
Wagle et al., 2020 [27] Cross-sectional 38 50 Saliva S. mutans, Lactobacillus
Escalante-Medina et al., RCT 23 22 Saliva S. mutans
2019 [28]
Xiao et al., 2019 [29] Cross-sectional 48 34 Saliva, mucosal swabs C. albicans, C. glabrata, C. tropicalis, C. krusei,
C. dubliniensis, S. mutans
Asad et al., 2018 [30] RCT 32 32 Saliva S. mutans
Fujiwara et al., 2017 [31] Prospective cohort 26 32 Subgingival plaque, Subgingival 4. actinomycetemcomitans, P. gingivalis,
saliva P, intermedia, F. nucleatum Saliva Above
4+Streptococci, Staphylococci, Candida spp.
Rio et al., 2017 [32] Prospective cohort 30 30 Saliva Yeast
Khairnar et al., 2015 [33] RCT 100 NR Periodontal disease
Pirie et al., 2013 [34] RCT 99 NR Periodontal disease
Weidlich et al., 2013 [35] RCT 299 NR Periodontal disease
Oliveira et al., 2011 [36] RCT 225 NR Periodontal disease
Volpato et al., 2011 [37] Prospective cohort 30 Saliva S. mutans

S. aureus: Staphylococcus aureus, N. catarrhalis: Moraxella catarrhalis, K. pneumonia: Klebsiella pneumonia, E. coli: Escherichia coli, P. melaninogenicus: Prevotella melaninogenica,
P. propionicum: Propionibacterium propionicum, V. pervula: Veillonella parvula, S. viridans: Streptococcus viridans, P. gingivalis: Porphyromonas gingivalis, P. intermedia: Prevotella
intermedia, P. nigrscens: Prevotella nigrescens, S. mutans: Streptococcus mutans, C. albicans: Candida albicans, C. glabrata: Candida glabrata, C. tropicalis: Candida tropicalis, C. krusei:
Candida krusei, C. dubliniensis: Candida dubliniensis, A. actinomycetemcomitans: Aggregatibacter actinomycetemcomitans

Table 3. Risk of bias assessment (Cochrane Collaboration’s tool)

Study Random sequence Allocation Blinding of participants Blinding of outcome Incomplete Selective Total
generation concealment and personnel assessment outcome data  reporting score

Escalante-Medina et al., 2019 [28] ‘ 5

Asad et al., 2018 [30] ‘
Khairnar et al., 2015 [33] ‘
Pirie ef al., 2013 [34] ‘
Weidlich et al., 2013 [35] ‘
Oliveira et al., 2011 [36] '

0000060
@OOOO6
000000
00000
000000

(I*=0.00%; P = 0.78). According to Figure 2, no difference was between before and after prenatal dental treatment on salivary
observed between groups (Figure 2). S. mutans reduction (Figure 3).
3.4. Salivary S. mutans carriage 3.5. Perinatal mortality

The mean differences in salivary S. mutans carriage before and The odds ratio of association between perinatal mortality

after prenatal dental treatment was 0.92 (MD; 95 CI (0.57 — 1.27), and periodontal treatment was —0.88 (OR; 95 CI (—2.53, 0.76),
P >0.05) (I*=56.33%; P = 0.13). Figure 3 shows no difference P>0.05)(1°<0%; P=0.97). A statistically significant relationship
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Table 4. Bias assessment (ROBINS-I)

Study, years Bias due to  Bias in selection Bias in Bias due to deviations Bias due  Bias in Bias in selection Overall
confounding of participants classification of  from intended to missing measurement of the reported
into the study interventions interventions data of outcomes result

Chen et al., 2022 [23] Low Low Low Low Low Low Low Low
Aikulola et al., 2020 [24] Low Low Low Low Low Low Low Low
Huang et al., 2020 [25] Low Low Low Low Low Low Low Low
Sparvoli et al., 2020 [26] Low Low Low Low Low Low Low Low
Wagle et al., 2020 [27] Low Low Low Low Low Low Low Low
Xiao et al., 2019 [29] Low Low Low Low Low Middle Low Middle
Fujiwara et al., 2017 [31] Low Low Low Low Low Low Middle Middle
Rio et al., 2017 [32] Low Low Low Low Low Low Low Low
Volpato et al., 2011 [37] Low Low Low Low Low Middle Low Middle

Mean differences  Weight

Study with 95% CI (%)
oral Candida remain stable during the pregnancy

Xiao et al., 2019 ] 0.07[ 0.03, 0.11] 4363
Fujiwara et al., 2017 _— 0.28[-165 221] 0.01
Rio et al., 2017 o 0.04[ 0.01, 0.07] 53.86
Heterogeneity: I = 0.00%, H* = 0.81 | 0.05[ 0.03, 0.07)

Test of 6 = 6 Q(2) = 1.4, p= 0.45

Candida carriage between non-pregnancy and 1st trimester

Fujiwara et al., 2017 EE— 0.80[-0.20, 1.80] 0.05
Rio etal., 2017 - 0.30[ 0.14, 0.46] 2.09
Heterogeneity: I* = 0.00%, H = 0.94 ¢ 0.31[ 0.15, 0.47]

Test of 8 = 6 Q(1) = 0.94, p = 0.33

Candida carriage between 1st and 3rd trimester

Fujiwara et al., 2017 —_— 0.36[-2.04, 2.76] 0.01
Rio et al., 2017 —— 0.70[ 0.31, 1.09] 035
Heterogeneity: I” = 0.00%, H =0.08 - 0.69[ 0.31, 1.08]

Testof 6, =6;:Q(1)=0.08, p=0.78

Overall | 0.06[ 0.04, 0.08]
Heterogeneity: I' = 74.08%, H = 3.84
Test of 8, = 6, Q(6) = 23.054 dd, p = 0.00

Test of group differences: Q.(2) =20.43, p=0.00

Fixed-effects inverse-variance model

Figure 2. The forest plot showed oral Candida carriage in pregnant women.

Mean differences Weight

Study with 95% CI (%)
Asad et al., 2018 n 0.90[0.55, 1.25] 99.24
Oliveira et al., 2011 4.00[0.00, 8.00] 0.76
Overall L 4 0.92[0.57, 1.27]

Heterogeneity: I = 56.33%, H® = 2.29
Test of 8 = 6;: Q(1) =2.29, p=0.13
Testof 6=0:z=5.19,p=0.24

Fixed-effects inverse-variance model

Figure 3. The forest plot showed salivary Streptococcus mutans carriage.

was observed between perinatal mortality and periodontal treatment can reduce the odds ratio of perinatal mortality by
treatment during pregnancy (P = 0.02), so that periodontal 88% (Figure 4).
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3.6. Preterm birth

The odds ratio of association between pre-term birth and
periodontal treatment was —0.31 (OR; 95 CI (—0.70 — 0.09),
P >0.05) (I*= 80.44%; P = 0.00). Figure 5 shows a statistically
significant relationship between pre-term birth and periodontal
treatment during pregnancy (P = 0.03) (Figure 5). Periodontal
treatment can reduce the odds ratio of preterm birth by 31%.

3.7. Birth weight

The mean difference in birth weight between the periodontal
treatment group and control group was 1099.37 gr (MD; 95 CI
(1095.18 g, 1103.57 g), P < 0.05) (I> = 98.34%; P = 0.00). Figure 6
shows a statistically significant relationship between birth weight and

149

periodontal treatment during pregnancy (P = 0.00) (Figure 6). Based
on this, birth weight increases with periodontal disease treatment.

4. Discussion

According to the available evidence, women are more prone
to oral diseases during pregnancy due to microbial changes in
the mouth that increase during pregnancy. In the present study,
reviewing the articles attempted to report the relationship
between pregnancy and oral microbial changes. Selected studies
have reported that oral microbes are more common in pregnant
women than in non-pregnant or postpartum women. Based
on the present meta-analysis, this evidence is confirmed. The
expansion of pathogenic bacteria or opportunistic pathogens

Experimental Control Log odds-ratio ~ Weight
Study Yes No Yes No with 95% CI (%)
Pirie et al., 2013 0 49 1 50 L] -1.08 [-4.30, 2.15] 29.93
Weidlich etal., 2013 1 144 2 152 '} -0.64[-3.05, 1.77] 39.60
Oliveira et al., 2011 0 122 1 123 L) -1.09[-4.30, 2.12] 30.46
Overall —— -0.88 [ -2.53, 0.76]
Heterogeneity: I = 0.00%, H = 1.00
Test of 6 = 6 Q(2) = 0.07, p = 0.97
Testof 8 =0:z=-1.05, p=0.02
-4 -2 0 2
Fixed-effects Mantel-Haenszel model
Figure 4. The forest plot showed perinatal mortality.
Experimental Control Log odds-ratio Weight
Study Yes No Yes No with 95% CI (%)
Khairnaretal., 2015 16 34 36 14 —Jl— -1.70 [-2.56, -0.84] 42.25
Pirie et al., 2013 4 45 1 49 ——— 147[-0.76, 3.70] 1.57
Weidlich etal., 2013 17 128 14 140 —— 0.28[-0.46, 1.03] 20.69
Oliveira et al., 2011 24 89 26 86 —- -0.11[-0.74, 0.51] 35.50
Overall <@ -0.31[-0.70, 0.09]
Heterogeneity: I* = 80.44%, H’ = 5.1
Test of 6, = 6;: Q(3) = 15.34, p = 0.00
Testof 8=0:z=-1.52, p=0.03
-2 0 2 4
Fixed-effects Mantel-Haenszel model
Figure 5. The forest plot showed Preterm birth.
Experimental Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Chenetal, 2022 869,580 3500 600 86,958 2400 620 [ | 1100.00 [ 1095.80, 1104.20] 99.90
Khairnar et al., 2015 50 2644.4 450 50 2447.8 368 —— 196.60 3547, 357.73] 0.07

Pirie et al., 2013 49 3510 650 40 2460 630

Overall

Heterogeneity: I° = 98.34%, H* = 60.40
Test of 8, = 8;: Q(2) = 120.81, p = 0.00
Test of 8 =0:z=513.83, p = 0.00

Fixed-effects inverse-variance model

1050.00 [ 782.24, 1317.76]  0.03
1099.38 [ 1095.18, 1103.57]

500 1000 1500

Figure 6. The forest plot showed Birth weight.
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that cause oral diseases, including tooth decay and periodontal
disease, might result from an unstable oral microbial community
environment [38,39]. According to the previous studies, changes
in pregnancy, including changes in the hormones estrogen and
progesterone, can affect the microbial balance of the mouth and
increase the pH of the oral cavity as a result of vomiting during
pregnancy and high simple sugar intake during gestation make
these people more susceptible to oral diseases and put teeth [40].
Pregnant women have higher levels of P. gingivalis, prevotella
intermedia, and more gingivitis [41]. This increase makes pregnant
women susceptible to periodontal disease [8,42]. Based on the
previous studies and the findings of the present meta-analysis,
a significant relationship was observed between adverse birth
outcomes and periodontal disease during pregnancy. In addition,
the meta-analysis showed that pregnant women with periodontal
disease had a higher risk of preterm delivery.

The findings of other studies are consistent with the present
study [42]. In the previous studies, P. gingivalis levels were
higher in women who gave birth prematurely [43]. Women with
preeclampsia who had adverse birth outcomes were more likely
to be diagnosed with periodontal disease with P. gingivalis and
Eikenella corrodens. In the present study, because one variable
was mentioned in each article and some studies could not perform
a meta-analysis; few studies were included in the meta-analysis.
By examining the findings of the meta-analysis, it was found that
there is a direct relationship between the adverse outcomes of
childbirth and microbial changes in the mouth during pregnancy.
Meta-analysis showed a direct relationship between low birth
weight and pre-term delivery. Other studies confirm the results
of the present study [43]. Some recent studies are inconsistent
with the present study’s findings and have not reported an
association between adverse delivery outcomes and periodontal
disease [44,45]. Therefore, more studies should be done because
this issue is very controversial and challenging. Study findings
also show that higher levels of quantitative microorganisms are
observed in women with pre-term delivery [18,43]. Based on
the findings of other studies, no significant relationship has been
reported between the level of bacteria under the gums and the
increased risk of adverse birth outcomes [19,46]. Some studies
have reported that maintaining good oral hygiene during pregnancy
can reduce the risk of periodontal disease, or treating periodontal
disease before 21 weeks of gestation can prevent adverse birth
outcomes and the risk of pre-term birth. Reduce to 6% [47]. As a
result, pregnant women should take care of their oral health and
not miss a visit to the dentist, and effective treatments should be
considered to reduce the adverse consequences of childbirth.

Due to the high heterogeneity between studies in some
investigated parameters, the results of the present study should be
interpreted with caution; this heterogeneity can be related to the
cognitive methodology of the studies. More studies with a larger
statistical population and using similar tools are needed.

5. Conclusion

Based on the findings of the present study, it is observed
that during pregnancy, there is a direct relationship between

periodontal disease with low birth weight, perinatal mortality, and
preterm delivery; however, the high association of microorganisms
between pregnancy and postpartum requires further study. Oral
microforms are reported to be affected in pregnant women, and
they should take extra care of their mouth and teeth; further studies
are needed to confirm the available evidence. Extensive studies are
also needed to understand the relationship between periodontal
disease and adverse birth outcomes due to the differences between
study results. Sufficient and strong evidence can help to improve
the health outcomes of mothers and children.
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