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A B S T R A C T

Aim: This Mendelian randomisation (MR) study endeavoured to delineate the causal relation-

ship between periodontitis and adverse pregnancy outcomes (APOs), encompassing low birth-

weight (LBW), pre-term birth (PTB), stillbirth,miscarriage, and gestational hypertension (GH).

Methods: Utilising genetic instruments for periodontitis (acute and chronic periodontitis) from

the Genome-Wide Association Study (GWAS) database among individuals of European descent,

this study explored the causal relationship with adverse pregnancy outcomes, and vice versa.

The Inverse Variance Weighted (IVW) method was employed as the primary analytical

approach to assess causality, withMR-Egger serving as a sensitivity analysis method.

Results: The primary analytical method employed in this study, IVW, did not reveal any impact

of periodontitis (acute and chronic periodontitis) on PTB, stillbirth, miscarriage, and gestational

hypertension, and vice versa. Heterogeneity testing using the MR-Egger method confirmed the

null causal hypothesis, with odds ratios (OR) approximating 1, and P-values exceeding 0.05.

Notably, the results from the IVW analysis (OR 1.410, CI 1.039-1.915, P-value 0.028) indicate sta-

tistically significant evidence supporting a causal relationship between chronic periodontitis

and LBW. However, caution is advised in interpreting the causal relationship, considering the

non-significant P-values obtained from othermethods.

Conclusion: Within the limitations of this MR study, the findings do not support the influ-

ence of periodontitis on LBW, PTB, stillbirth, miscarriage, and GH, nor vice versa.

� 2024 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.

This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Periodontitis, an inflammatory condition impacting the sup-

porting tissues around teeth, including the gingiva, periodon-

tal ligament, and alveolar bone, culminates in tooth

loosening, representing its ultimate clinical outcome.1 Pres-

ently, approximately 50% of the global adult population grap-

ples with periodontitis, and around 23.6% contend with

severe forms of the ailment. It has evolved into a prominent

public health challenge, casting a wide influence on global

oral health.2 The pathogenesis of periodontitis involves a

complex interplay of factors, with a notable aspect being the

compromised immune and metabolic responses provoked by
periodontal pathogens.3,4 Gingivitis serves as the initial stage

characterised by reversible inflammation, progressing to

involve bone, gums, and periodontal ligaments, ultimately

exposing deep structures to oral microorganisms.5 The host’s

inflammatory response to bacteria instigates immune-medi-

ated cellular reactions, causing degradation of periodontal

tissues and, ultimately, tooth loss.6 According to the 1999

classification, periodontitis encompasses aggressive (acute)

and chronic forms.7 Aggressive periodontitis, distinguished

by early onset and rapid progression, is less prevalent (around

0.1% prevalence), while chronic periodontitis, the more com-

mon phenotype, tends to affect the elderly more

frequently.8,9

Adverse pregnancy outcomes (APOs) refer to unsuccessful

pregnancies resulting in offspring with abnormal appearance

or function, encompassing pre-term birth, low birth weight,

abortion, and more.10 In recent years, the incidence of APOs

has surged, becoming a primary cause of perinatal infant and

child mortality. This phenomenon poses a substantial
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societal and familial burden, evolving into a serious public

health concern.11,12 Past studies have implicated smoking,

malnutrition, and unhealthy lifestyles as APOs risk factors.13-

15 Notably, the connection between local and systemic

inflammatory immune responses and APOs has garnered

increased attention.12,16 Periodontitis, in particular, is

thought to impact pregnancy outcomes by allowing periodon-

tal pathogens and their metabolites to enter the bloodstream,

triggering a host immune inflammatory response.17 As early

as 1996, Offenbacher et al. reported a 7.5 times higher proba-

bility of pre-term birth in pregnant women with periodontal

disease, linking APOs with periodontal disease and indicating

periodontal infection as a risk factor for low birth weight

infants.18

Nevertheless, the current clinical evidence concerning the

association between APOs and periodontitis remains

contentious.19,20 Epidemiology-based studies exhibit signifi-

cant flaws, including methodological inconsistencies that hin-

der comparability and undermine the credibility of conclusive

findings.21 Moreover, shared risk factors such as smoking,

alcohol consumption, and stress complicate observational

studies, acting as confounding variables and potentially lead-

ing to spurious associations.22 Notably, the causal link

between smoking, alcohol consumption, and periodontitis has

been established by scholars.23 Therefore, unravelling the

potential causal relationship between APOs and periodontitis

holds paramount importance for enhancing the management

of both conditions. To address this, we conducted a 2-way

Mendelian randomisation (MR) study investigating the associ-

ation between periodontitis and APOs, accompanied by sensi-

tivity analyses to account for pleiotropic single-nucleotide

polymorphisms (SNPs) linked to potential confounders.

MR serves as a statistical model utilising genetic variation

as instrumental variables (IVs).24 In recent years, propelled

by the swift progress in genome-wide association analysis

data, MR has gained widespread adoption in causal associa-

tion analysis.25,26 The fundamental tenet of MR analysis

hinges on leveraging the relationship between genes and

phenotypes to discern potential causal links.27 This method

draws upon Mendel’s second law of genetics, whereby

genetic variation is randomly distributed across individuals

and populations, mirroring an experimental process akin to

a randomised controlled trial.28 In contrast to traditional

epidemiology, MR analysis boasts advantages such as cir-

cumventing confounding factors, enhancing the credibility

of causal inferences, validating observational study out-

comes, having a broader trial scope, and saving time and

effort compared to traditional observational studies, all

while negating concerns related to reverse causality

logic.29,30
Materials andmethod

Study design

In this study, utilising Genome-Wide Association Study

(GWAS) summary data for the exposure variable, periodonti-

tis, and ensuring its independence from the GWAS summary

data for the outcome variable, APOs, we conducted a two-
sample MR analysis to explore the causal effects of periodon-

titis on APOs. The MR analysis adhered to the following three

assumptions: (1) strong correlation between instrumental

variables and exposure variable; (2) independence of instru-

mental variables from observed or unobserved confounding

factors; (3) instrumental variables solely affect the outcome

through exposure. The specific procedures are outlined in

Figure 1.
Selection of genetic instruments

To fulfil the assumptions of the MR analysis, this study

employed a stringent criterion of P < 5 £ 10�8 to select SNPs

associated with periodontitis. Independence was set at 10,000

kb, with an r2 threshold of <0.001. To minimise confounding

effects, we utilised Pheno Scanner (http://www.phenoscan

ner.medschl.cam.ac.uk/phenoscanner) to estimate potential

associations between instrumental variables and confound-

ing factors. This software provides information on SNP phe-

notypes. Additionally, some MR sensitivity analyses required

a minimum of three SNPs related to the exposure, so if the

number of available SNPs for analysis was fewer than three,

the threshold P-value was adjusted to 5 £ 10−6. After remov-

ing SNPs without proxy SNPs available in the outcome GWAS,

we harmonised the exposure and outcome data before evalu-

ating the association between periodontitis and APOs. (Table)
Two-sample MR analysis

This study employed the IVW method as the primary analyti-

cal approach to determine causal relationships. The IVW

method calculates weighted averages, with the reciprocal of

each instrument’s variance serving as the weight, assuming

all instruments are valid. Cochran’s Q test was used to assess

heterogeneity, and if present, the IVW method’s random-

effects model was applied; otherwise, the fixed-effects model

was the primary outcome. Additionally, we utilised the MR-

Egger regression method, weighted median estimation

(WME), simple mode, and weighted mode. The MR-Egger

intercept method was employed to detect horizontal pleiot-

ropy. The leave-one-out analysis involved systematically

excluding each SNP and recalculating the results using the

remaining SNPs. If a specific SNP’s removal did not result in a

statistically significant difference compared to the overall

result, it indicated that the SNP did not exert nonspecific

effects on the estimation.
Statistical analysis

Odds ratios (ORs) with corresponding 95% confidence inter-

vals (CIs) were employed to estimate the relative risk attrib-

uted to the presence of the exposure. TwoSampleMR package

in R software was utilised for the two-sample MR analysis

and related sensitivity analyses. All statistical analyses and

visualisations were conducted using R version 4.2.3. A signifi-

cance level of P < 0.05 was considered to indicate statistically

significant differences.
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Figure 1 –Study design. GH, gestational hypertension; IVW, inverse variance weighted; LBW, low birth weight; PTB, pre-term

birth.
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Results

The causal effect of periodontitis on APOs

Our study employed MR analysis to investigate the causal

relationships between different exposure factors and various

outcomes. In this study, we utilised multiple analytical meth-

ods, including IVW, MR Egger, WM, simple mode, and

weighted mode methods, to comprehensively assess these

relationships.

Firstly, for the outcome of LBW, we observed inconsistent

results among different analysis methods. Specifically, the

OR value estimated by the IVW method was 0.952 with a 95%

CI of 0.842 to 1.077 and a P-value of 0.435 for acute
Table – Genome-Wide Association Study summary data and exp

GWAS ID Traits N of cases

Finn-b-K11 Acute periodontitis 367

Finn-b-K11 Chronic periodontitis 3046

Ebi-a-GCST90018786 Abortion 7069

finn-b-O15_ Gestational [pregnancy-induced]

hypertension

4255

finn-b-O15 Preterm labour and delivery 5480

ukb-b-6412 Number of stillbirths NA

finn-b-P16 Disorders related to short gestation

and low birth weight, not elsewhere

classified

258
periodontitis, while for chronic periodontitis, it was 1.410

with a 95% CI of 1.039 to 1.915 and a P-value of 0.028. The MR-

Egger analysis yields an OR of 1.844 with a CI of 0.954 to 3.566

and a P-value of 0.082. The weighted median OR is 1.300 with

a CI of 0.852 to 1.980 and a P-value of 0.225. For simple mode,

the OR is 1.017 with a CI of 0.421 to 2.460 and a P-value of

0.970. Lastly, weighted mode shows an OR of 1.026 with a CI

of 0.465 to 2.265 and a P-value of 0.950. In summary, while the

IVW analysis provides statistically significant evidence sup-

porting a causal link, other methods and their non-significant

P-values suggest caution in interpreting causality. Similarly,

for outcomes including PTB, miscarriage, number of still-

births, and GH, we observed inconsistent results among dif-

ferent analysis methods (Figure 2). Our study suggests that
ression quantitative trait loci studies’ data information.

N of controls Sample size Sex Population

195,395 195,762 Males and females European

195,395 198,441 Males and females European

250,492 257,561 NA European

114,735 118,990 Males and females European

98,626 104,106 Males and females European

NA 78,879 NA European

218,490 218,748 Males and females European



Figure 2 –The causal effect of periodontitis (A: acute periodontitis; B: chronic periodontitis) on adverse pregnant outcomes

(miscarriage, GH, PTB, LBW, number of stillbirths) were investigated using the IVWmethod, with summary statistics for

periodontitis from the FinnGen and adverse pregnant outcomes from FinnGen, UK Biobank, EMBL-EBI.
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different analytical methods exhibit inconsistency when

assessing the causal relationships between periodontitis and

various outcomes. This inconsistency may be influenced by

sample size, data characteristics, and analytical methods.

Therefore, further research is needed to validate and inter-

pret these relationships for a more comprehensive under-

standing of the impact of periodontitis on health outcomes.

The causal effect of APOs on periodontitis

For the exposure factor of GH with the outcome being acute

periodontitis, different analysis methods yielded diverse

results. The causal OR estimated by various methods were as

follows: IVW method reported an OR of 1.034 with a 95% CI

from 0.796 to 1.341, and a P-value of 0.804; MR Egger method

showed an OR of 1.025 with a 95% CI from 0.550 to 1.912, and

a P-value of 0.938; weighted median method indicated an OR

of 0.985 with a 95% CI from 0.703 to 1.380, and a P-value of

0.929; simple mode method provided an OR of 0.997 with a

95% CI from 0.513 to 1.938, and a P-value of 0.993; weighted

mode method resulted in an OR of 0.997 with a 95% CI from

0.538 to 1.848, and a P-value of 0.992. Similarly, for the expo-

sure factor of GH with the outcome being chronic periodonti-

tis, different analysis methods again yielded varied results.

Specifically, the IVW method estimated a causal OR of 1.023

with a 95% CI from 0.939 to 1.114, and a P-value of 0.601. MR

Egger method showed an OR of 1.107 with a 95% CI from 0.905

to 1.354, and a P-value of 0.328; weighted median method

indicated an OR of 0.960 with a 95% CI from 0.857 to 1.075,

and a P-value of 0.482; simple mode method provided an OR

of 0.887 with a 95% CI from 0.695 to 1.132, and a P-value of

0.341; weighted mode method resulted in an OR of 0.887 with

a 95% CI from 0.690 to 1.140, and a P-value of 0.355. Similar

inconsistent results were observed for other exposure factors

such as the number of stillbirths, LBW, miscarriage, and PTB

(Figure 3). Overall, these findings suggest that the causal rela-

tionships between exposure factors and outcomes are incon-

sistent across different analysis methods, likely influenced by

various factors. Therefore, further research is needed to con-

firm these relationships and explore potential biological

mechanisms. Additionally, it is crucial to acknowledge

assumptions and limitations in MR analysis, and interpret

these results cautiously, considering other types of studies to

gain a more comprehensive understanding.
Discussion

This is the first study investigating the bidirectional causal

relationship between periodontitis and APOs using multiple

complementary MR methods. Our two-sample MR analyses

did not observe evidence supporting the genetically predicted

association between periodontitis and APOs in individuals of

European descent. Similarly, the reverse MR analysis found

no evidence suggesting a genetic predisposition to APOs

related to periodontitis. Our MR analysis results are inconsis-

tent with existing observational studies. While these studies

have been debated, scholars have generally not questioned

the correlation between these two diseases, considering it

bidirectional. On one hand, factors such as vomiting during
early pregnancy, hormonal fluctuations, changes in dietary

habits, and late-pregnancy gastric reflux are believed to

increase susceptibility to oral diseases, including

periodontitis.31,32 On the other hand, key pathogens of peri-

odontal disease disrupt the host’s immune regulation and

disturb the oral ecological balance, leading to an increased

risk of APOs through immune system dysregulation.33,34 To

further understand the relationship between periodontitis

and APOs, scholars have conducted animal model experi-

ments. Bobetsis et al35 reported that periodontal pathogens

and their pathogenic components can spread through the

bloodstream to the placenta-foetus, triggering ectopic infec-

tion and tissue damage or inducing inflammation at the

infection site, resulting in elevated levels of inflammatory

factors and mediators. Moreover, inflammatory factors and

mediators produced at the site of periodontitis can also reach

the placenta-foetus through the bloodstream, causing intra-

uterine inflammation. Another possibility is that pathogens,

cytokines, and mediators in the blood enter and stimulate the

liver to produce acute-phase reactants, activating a systemic

inflammatory response. The generated inflammatory media-

tors enter the placenta-foetus through the bloodstream, exac-

erbating intrauterine inflammation. With the advancement

of sequencing technologies, increasing microbial evidence

has been discovered. In 2014, Aagaard et al36 proposed the

existence of a unique microbiota in the placenta, and the pla-

cental microbiome is most similar to the human oral micro-

biome. Microbial communities present in the placenta and

foetal organs are considered crucial for establishing and initi-

ating foetal immune function before birth.37 Some omics

analyses have indicated significant changes in the composi-

tion of the placental microbial community in women with

APOs compared to normal pregnancies.38 However, several

studies have questioned the existence of placental and amni-

otic membrane microbial communities, arguing that previous

research on the placental microbiome did not adequately

control for contamination and lacked rigorous and appropri-

ate negative controls.39,40 Another controversial issue is the

uncertainty of clinical interventions for APOs prevention in

the context of periodontitis. Bobetsis et al35 reported a total of

15 randomised controlled trials globally assessing the impact

of nonsurgical periodontal interventions during mid-preg-

nancy on APOs. The results showed that most periodontal

interventions only improved periodontitis-related parame-

ters without a significant impact on APOs occurrence. A plau-

sible explanation is that periodontal treatment during

pregnancy cannot eliminate oral pathogens that have already

entered the placenta-foetus in early pregnancy, or periodon-

tal treatment fails to alleviate the exposure pathway of key

pathogens causing intrauterine infections, thus improving

periodontal health indicators do not effectively alleviate

APOs symptoms. However, our MR study does not support

any causal links in either direction. A reasonable explanation

could be the presence of numerous confounding factors

between the two, such as the systemic health problems

exhibited by the majority of periodontitis patients, especially

comorbidities sharing inflammatory pathways, resulting in

the observed association between periodontitis and APOs.

In general, while the IVW analysis furnishes statistically

significant evidence supporting a causal relationship between



Figure 3 –The causal effect of adverse pregnant outcomes (miscarriage, GH, PTB, LBW, stillbirth) on periodontitis (A: acute

periodontitis; B: chronic periodontitis) were investigated using the IVWmethod, with summary statistics for periodontitis

from the FinnGen and adverse pregnant outcomes from FinnGen, UK Biobank, EMBL-EBI.
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chronic periodontitis and LBW, caution is warranted in inter-

preting causation due to other methods and their nonsignifi-

cant P-values. The MR-Egger analysis explores bias that may

arise from pleiotropy, and alternative methods provide addi-

tional perspectives on the robustness of the results. Integrat-

ing these findings in the context of the entire study is crucial.

Despite inconsistent results from different analytical meth-

ods, the point estimates for both hypotheses (periodontitis

affecting PTB, stillbirth, miscarriage, and GH, and vice versa)

generally hovered around and below 1, with highly overlap-

ping CIs. Therefore, we consider it unlikely that periodontitis

and APOs (LBW, PTB, stillbirth, miscarriage, and GH) have a

causal relationship. This study has limitations. Firstly, MR

based on aggregated genetic statistics limits the scope of the

analysis. Additionally, the partial Clinical Periodontal Index

(CPI) often underestimates severe periodontitis and overesti-

mates less severe periodontitis, erroneously determining the

numerator of the MR Wald ratio estimator.41 Overall, the

study results emphasise the need for caution when consider-

ing the impact of different factors and methods in causal

inference. The inconsistency of different analytical methods

may partially stem from differences in confounding factors,

sample size, data quality, and selected statistical techniques.

Therefore, these results require further research for valida-

tion and interpretation. Future studies could consider using

larger samples, more comprehensive control of confounding

factors, and more sophisticated statistical models to gain a

more comprehensive understanding of the relationship

between exposure factors and different outcomes.
Conclusion

In conclusion, our study indeed fails to provide sufficient evi-

dence indicating a causal relationship between periodontitis

and APOs, and vice versa. Therefore, despite numerous pro-

spective studies suggesting a positive correlation between

periodontal disease and various APOs, the underlying evi-

dence remains weak. Future meticulously designed explana-

tory studies are essential to validate this relationship and, if

present, determine its magnitude.
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