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Background: Pregnant women are highly susceptible to periodontal disease due to changes in hormonal and immune levels, which 
places a huge burden on the healthcare system and requires multidisciplinary interventions. This study aimed to assess the scientific 
profile and research trends related to periodontal disease in pregnancy through a bibliometric approach.
Methods: Publications about periodontal disease in pregnancy from 2000 to 2022 were extracted from Science Citation Index 
Expanded. The knowledge networks of countries, institutions, authors, journals, references, and keywords in this field were 
constructed using the Citespace, VOSviewer, Bibliometrix, and BIBLIOMETRIC.COM platforms. Furthermore, correlations between 
the characteristics of countries and the number or impact of publications were analyzed.
Results: 1162 original studies and reviews were included. There was a trend toward increased publications and citations in this field. 
The United States had the highest academic productivity and impact by a significant margin, while correlation analyses indicated that 
economic power may correlate with national scientific activity. The University of North Carolina and Offenbacher S were the most 
influential institution and author, respectively, taking center stage in the collaborative networks. However, only several loose 
connections between countries or institutions were identified in the global collaborative network analysis. Six of the top ten most 
productive journals were in Q1 in the Journal Citation Report, and there was intensive interaction between different research subfields, 
such as immunology, molecular biology, and microbiology. Frontier topics were primarily clustered in two areas: (1) oral micro-
biology, such as microbiome, oral bacteria, and Fusobacterium nucleatum; and (2) public health, such as quality of life, pregnancy 
outcomes, oral health, obesity, and classification.
Conclusion: Since 2000, periodontal disease in pregnancy is receiving increasingly widespread attention and is rapidly evolving at 
a multidisciplinary level. Oral microbiological pathogenesis and public health impact-related research deserve more exploration and 
may be the future direction of research. Enhanced Collaboration and interdisciplinary communication may further facilitate progress in 
this discipline.
Keywords: bibliometric analysis, periodontal disease, pregnancy, multidisciplinary issue, oral microbiology, public health

Introduction
Periodontal disease is an oral inflammatory disease of heterogeneous etiology that could impair the gums and surround-
ing structures of the periodontal ligaments and alveolar bone.1,2 It is considered one of the most common diseases in 
humans1,3 and can lead to severe pain, bleeding, and even disability.4 For most women, the composition of the oral 
microbiome could undergo pathogenic shifts during pregnancy due to hormonal and immunological changes.5 Thus, 
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pregnancy has been proposed to increase susceptibility to gingival inflammation further.6,7 A recent meta-analysis of 20 
studies showed that the prevalence of periodontitis in pregnancy was as high as 40%.8

Additionally, maternal periodontal disease is strongly associated with poor pregnancy outcomes, such as preterm 
birth, low birth weight, and preeclampsia.9–11 However, dental treatment during pregnancy was unlikely to reduce the 
risk of these adverse pregnancy outcomes.12 Given its potential hazardous nature, tapping into the complicated bidirec-
tional relationship between pregnancy and periodontal disease has become an essential interdisciplinary issue and is 
receiving close attention from scholars. However, the accelerated accumulation of knowledge within the field makes it 
especially challenging to understand the overall knowledge landscape and track the recent research hotspots, particularly 
for those new to the topic. In recent years, some systematic reviews of quantitative analyses on pregnancy and 
periodontal disease are available, which focus on specific subfields such as the prevalence of periodontal disease in 
pregnancy,13 oral microflora,13 associations of periodontal disease with different adverse outcomes,14–16 or specific 
interventions to improve prognosis.17–19 However, there is still a paucity of macroscopic analyses of the knowledge 
profile and topic evolution in the field.

The bibliometric analysis provides a well-established way to analyze large scale publications quantitatively and can 
systematically reveal macroscopic scientific profiles and research trends within a given field.20 Bibliometrics has been 
applied to various major public health studies, including osteoarthritis, dysmenorrhea, and COVID-19.21–24 Yet, it is still 
lacking in the area of periodontal disease in pregnancy. The objective of the present study is to provide a comprehensive 
analysis of publications on pregnancy and periodontal disease to deepen the understanding of knowledge profile and 
research trends in this field from a macro perspective.

Materials and Methods
Data Source
The Science Citation Index Extension (SCIE) was chosen as the data source. This database, established by the US 
Institute for Scientific Information, includes over 8000 of the most academically influential journals in the field of natural 
sciences and is recognized as the authoritative database for performing bibliometric studies. Furthermore, it can provide 
reference files in different formats that match the requirements of various bibliometric programs.25

Searching Strategy
Two researchers performed the literature search, source file download, and merge independently. The search strategy was 
set as TS= ((pregnan* OR gestat* OR reproduction OR gravidit* OR nulligravidit* OR primigravidit* OR fetation) AND 
periodont*) AND Time= (2000–2022) AND Language= English. After manually reviewing publications and excluding 
publication types such as corrections, editorial reviews, and conference proceedings, the final bibliometric dataset 
comprised 1162 academic publications. The data extraction was conducted in a single day (March 25, 2023) so as to 
prevent bias from database updates.

Bibliometric Analysis and Visualization
General bibliometric indicators were collected from the publication dataset, including country, affiliation, author, journal, 
keywords, and references. Publications were defined as either single-country publications (SCP) or multinational 
publications (MCP), depending on whether their authors originated from a single country. The metrics used to assess 
academic impact primarily include citations, the impact factor (IF, obtained from Journal Citation Reports, JCR 2022), 
H-index, and G-index. In addition, the number of publications per million people or per trillion gross domestic product 
(GDP) was also summarized, considering the considerable differences in population and economic size of different 
countries.

Knowledge networks for publications on pregnancy and periodontal disease were explored through the R packages 
Bibliometrix (version 3.0), VOSviewer (version 1.6.19), Citespace (version 6.2.R2), and the bibliometric.com online 
platform, including co-citation, co-occurrence, collaboration, co-authorship analysis, and burst detection. Spearman 
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correlation analyses were performed using SPSS (version 22.0) for country characteristics and the number of publica-
tions, citations, or MCP proportions. P-values < 0.05 were considered statistically significant.

Results
General Information
The general information about 1162 publications is summarized in Table 1, including 918 original articles and 244 
reviews. During the 23 years, such publications were contributed by 4720 authors, published in 373 journals, and cited 
33,936 references. The average number of citations per document was 40.27, with an average of 3.538 per year. 
Figure 1A presents the annual trend of publications and citations for pregnancy and periodontal disease-related studies. 
A significant uptrend in both publications and citations can be observed, with a peak in 2022 at 88 publications and 5212 
citations.

Publication Performances: Countries
Seventy-five countries participated in the study on periodontal disease in pregnancy. As summarized in Table 2, the 
United States of America (USA) was the most productive country by a considerable margin (n = 322, 28.1%), followed 
by Brazil (n = 107, 9.3%) and China (n = 60, 5.2%). Four of the top ten countries were from Europe, three were from 
Asia, and the other three were from North America, South America, and Oceania, respectively. Figure 1B shows that 
China had the most remarkable publication growth. When adjusted for the population or economic size of the country, 
Australia and Brazil topped the list with 1.8 publications per million people and 56.3 publications per trillion GDP, 
respectively. In addition, USA publications remained the most cited, receiving 22,433 citations; the United Kingdom 
was second with only 3031 citations. Chilean publications had the highest average article citation of 76.57. (Table 2)

Table 1 Main Information About Bibliometric Analysis

Description Results

DATA
Timespan 2000:2022

Journals 373
Documents 1162

Average Years from Publication 9.24

Average Citations per Document 40.27
Average Citations per Year per Doc 3.538

References 33,936

DOCUMENT TYPES
Original Article 918

Review 244

DOCUMENT CONTENTS
Keywords Plus 2282

Author’s Keywords 2025

AUTHORS
Authors 4720

Author Appearances 6769
Authors of Single-Authored Documents 41

Authors of Multi-Authored Documents 4679

AUTHORS COLLABORATION
Single-Authored Documents 46

Documents per Author 0.246

Authors per Document 4.06
Co-Authors per Documents 5.83

Collaboration Index 4.19
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Furthermore, correlation analysis revealed a correlation between the economic status of the country and the impact or 
internationalization of their publications (Supplementary Table 1). A moderate to high positive correlation existed 
between GDP per capita and MCP percentage (r= 0.815, P= 0.003) or average article citations (r= 0.550, P= 0.038). 
To explore the international collaboration status in this field, we further mapped the collaborative relationships to a pie 
chart (Figure 2A) and a global map (Figure 2B). We found that collaborations were primarily focused on USA-Europe- 
Australia and USA-East Asia. However, in general, the collaboration was not close, and the percentage of MCP was 
relatively low.

Publication Performances: Institutions
More than 1800 institutions conducted pregnancy and periodontal disease-related research. The University of North 
Carolina (Univ N Carolina, n=143), Columbia University (Columbia Univ, n=56), and the University of Sydney (Univ 
Sydney, n=54) were the top three most productive institutions. Six of the top ten institutions were from the USA, and two 
were from Europe (Figure 3A). The collaboration analysis identified four major clusters (Figure 3B): Univ N Carolina, 
University of Sao Paulo (Univ Sao Paulo), Columbia Univ, and Wayne State University (Wayne State Univ) were located 
at the center of each cluster. The time-series-based co-authorship network revealed complicated collaborative 

Figure 1 Annual publication trends for all countries (A) and the top 10 most productive countries (B).
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relationships between institutions, with Univ N Carolina being the most prominent node (Figure 3C). In addition, many 
institutions newly involved in the field have recently emerged, such as University of Maryland (Univ Maryland), 
University of Hong Kong (Univ Hong Kong), and Johns Hopkins University (Johns Hopkins Univ).

Publication Performances: Authors
The top 10 most productive authors are presented in Figure 4A. The Offenbacher S ranked first with 42 publications, 
twice as many as the second-ranked Boggess Ka. As for the most academically influential scholars, Offenbacher 
S received 1222 citations with an H-index of 24 and a G-index of 42 (Supplementary Table 2). Goldenberg Rl and 
Hauth Jc were followed by 574 and 2105 citations, respectively. Notably, the top ten most cited scholars were all from 
the USA. Additionally, only a few loose clusters of authors were identified in the collaborative network, with 
Offenbacher S at the center of the largest cluster (Figure 4B). We further analyzed the annual academic performance 
of the top ten productive authors over the last 20 years (Figure 4C). Six scholars have worked in this field for over 15 
years; however, few still have scholarly output today.

Highly Contributive Journals
As demonstrated in Table 3, the most productive journal was the Journal of Periodontology, with 118 publications and 
4438 citations. The Journal of Clinical Periodontology (n=73, citations=5271) and the American Journal of Obstetrics 
and Gynecology (n=30, citations=1722) were in second and third place. The Periodontology 2000 had the highest IF of 
12.239. Notably, six of the top ten journals were in JCR Q1 and two in JCR Q2. The co-citation network analysis 
identified three critical journal clusters (Figure 5A), including the dentistry cluster represented by the Journal of 
Periodontology, the obstetrics and gynecology cluster characterized by the American Journal of Obstetrics and 
Gynecology, and the microbiology and immunology cluster represented by Infection and Immunity and Oral 
Microbiology and Immunology. Furthermore, the journals’ dual-map overlap is shown in Figure 5B. The citing papers 
were concentrated in (1) Molecular, Biology, Immunology; (2) Dentistry, Dermatology, Surgery; (3) Medicine, Medical, 
Clinical. The cited papers were focused on: (1) Molecular, Biology, Genetics; (2) Health, Nursing, Medicine; (3) 
Dermatology, Dentistry, Surgery.

Highly Contributive Papers
Local citations were used to determine the impact of the publications in this field. The top three influential articles were 
three prospective studies by Michalowicz B et al.26 Jeffcoat M et al27 and López NJ et al28 which explored the 
association between the presence of periodontal disease or interventions on adverse pregnancy outcomes. Co-citation 

Table 2 Top 10 Productive Countries and Citations per Country

Sort by 
NP

Country Articles 
(%)

SCP MCP 
(%)

NP per  
Trillion 
GDP

NP per  
Million 
People

Sort by  
Total 
Citations

Country Total 
Citations

Average  
Article 
Citations

1st USA 322(28.1) 271 51(15.8) 12.7 1.0 1st USA 22433 69.67

2nd BRAZIL 107(9.3) 80 27(25.2) 56.3 0.5 2nd UNITED 
KINGDOM

3031 64.49

3rd CHINA 60(5.2) 44 16(26.7) 3.4 0.04 3rd BRAZIL 2110 19.72

4th JAPAN 49(4.3) 41 8(16.3) 11.4 0.4 4th AUSTRALIA 1685 35.85

5th AUSTRALIA 47(4.1) 37 10(21.3) 27.6 1.8 5th SPAIN 1646 39.19

6th UNITED 
KINGDOM

47(4.1) 27 20(42.6) 15.4 0.7 6th CANADA 1168 37.68

7th SPAIN 42(3.7) 28 14(33.3) 30.2 0.9 7th CHILE 1072 76.57

8th TURKEY 38(3.3) 30 8(21.1) 41.9 0.4 8th GERMANY 1024 35.31

9th ITALY 37(3.2) 29 8(21.6) 18.4 0.6 9th TURKEY 876 23.05

10th INDIA 32(2.8) 26 6(18.8) 9.4 0.02 10th JAPAN 796 16.24

Abbreviations: NP, number of publications; MCP, multiple countries publications (inter-country collaboration); SCP, single country publications (intra-country collaboration); 
GDP, gross domestic product.
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analysis of the references revealed six interrelated clusters, illustrating the widespread connections between references 
(Figure 6A). Most of the top 25 references with the strongest citation bursts were published before 2010, indicating their 
enduring influence (Figure 6B). Two publications with high academic impact nowadays were authored by Madianos PN 

Figure 2 Country distribution of publications on periodontal disease in pregnancy (A) and international cooperation (B).
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et al29 and Ao M et al.30 The study by Madianos PN et al summarized the pathogenic mechanisms of periodontal disease 
causing adverse pregnancy outcomes. While Ao M et al demonstrated that Porphyromonas gingivalis infection could 
induce preterm delivery in a mouse model.

Figure 3 The top 10 most productive institutions (A), collaboration of institutions (B), and co-authorship network (C).
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Keyword Co-Occurrence
Keyword co-occurrence can assist us in quickly identifying research hotspots and development directions. Pregnancy and 
periodontal disease-related keywords can be divided into six major clusters (Figure 7A). The yellow cluster was mainly 

Figure 4 The top 10 most productive authors (A), collaboration of authors (B), and top authors’ production over time (C).
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clinical outcomes-related keywords, including risk, outcome, prevention, and intervention. The cyan cluster primarily 
consists of keywords related to epidemiology, including epidemiology, population, and public health. The red and purple 
clusters corresponded to maternal and neonatal-related studies. Microbiology-related terms, such as pathogen, micro-
biome, and oral bacteria, were grouped in the green cluster. Besides, the temporal evolution of keywords indicated that 
emerging keywords were mainly concentrated in two fields: (1) oral microbiology, such as microbiome, oral bacteria, and 
Fusobacterium nucleatum; and (2) public health, such as quality of life, obesity, and classification (Figure 7B). The burst 
detection confirmed the above findings (Figure 8). Several keywords began to experience an intense burst after 2015 and 
still have a substantial impact by 2022, including dental care, periodontitis, consensus report, impact, classification, oral 
health, oral microbiome, oral bacteria, and obesity.

Discussion
As far as we know, the present study is the first bibliometric study on periodontal disease in pregnancy. We investigated 
1162 publications between 2000 and 2022 to determine the characteristics and landmark achievements in this research 
field. We found an increasing trend in publications and citations in this field, indicating that this interdisciplinary field is 
receiving greater attention. The USA had the highest academic productivity and impact by a significant margin, while the 
evidence suggested that economic power may be correlated with national scientific activity. The Univ N Carolina and 
Offenbacher S were the most influential institution and scholar, respectively, as well as taking center stage in the 
collaborative networks. Six of the top ten most productive journals were JCR Q1, and there was intensive interaction 
between different research subfields, such as immunology, molecular biology, and microbiology. Frontier topics and 
research directions were primarily clustered in two areas: (1) oral microbiology, such as microbiome, oral bacteria, and 
Fusobacterium nucleatum; and (2) public health, such as quality of life, impact, oral health, obesity, and classification.

Periodontal Disease in Pregnancy Is Receiving Increasing Attention And 
Interdisciplinary Interaction is Active
Since women experience significant changes in their endocrine levels during pregnancy (primarily elevated estrogen and 
progesterone), the likelihood that a pregnant woman can develop the periodontal disease is subsequently elevated.31 

Although most inflammatory periodontal lesions will gradually improve within one year after delivery, epidemiological 
investigations have found that pregnant women are susceptible to periodontal disease with multifactorial pathogenesis.31 

The present study found that periodontal disease in pregnancy-related topics have attracted increasing interest. This trend 
may result from the high incidence of periodontal disease in pregnancy and the improved oral health awareness among 
pregnant women. Many epidemiological studies have investigated the prevalence of periodontal disease in pregnancy; 
however, the results vary widely due to inconsistencies in examination modalities and diagnostic criteria.10 A recent 
meta-analysis including 20 studies showed that the prevalence of periodontitis in pregnancy was 40%, with positive 
bleeding on probing, probing depth ≥4 mm, and loss of clinical attachment level≥4 mm 67%, 42%, and 24%, 

Table 3 The Top Ten Most Productive Journals

Sort by Number of Articles Relevant Sources Articles TC H-Index JCR IF (2021)

1st Journal of Periodontology 118 4438 37 Q1 4.494
2nd Journal of Clinical Periodontology 73 5271 42 Q1 7.478

3rd American Journal of Obstetrics and Gynecology 30 1722 24 Q1 10.693

4th Plos One 25 539 15 Q2 3.752
5th Journal of Periodontal Research 24 491 14 Q1 3.946

6th BMC Oral Health 21 165 8 Q1 3.747

7th Journal of Maternal-Fetal & Neonatal Medicine 20 463 11 Q3 2.323
8th Oral Health & Preventive Dentistry 20 125 6 Q4 1.595

9th Periodontology 2000 19 1271 14 Q1 12.239
10th Clinical Oral Investigations 18 419 12 Q2 3.607

Abbreviations: TC, total citations; JCR, Journal Citation Reports; IF, impact factor.
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Figure 5 Co-citation network of the research journals (A), and a dual-map overlap of journals (B).
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Figure 6 Co-citation network of references (A), and the top 25 references with the strongest citation bursts (B).
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Figure 7 Cluster analysis (A) and temporal evolution analysis (B) of the keywords.
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respectively.8 Moreover, the prevalence of periodontal disease may increase gradually during pregnancy.32 Considering 
the adverse effects of periodontal disease in pregnancy, this public health problem deserves more exploration.

Much of the pregnancy and periodontal disease-related literature were published in journals with significant academic 
impact, with six JCR Q1 and two JCR Q2 journals listed in the top ten productive journals. Moreover, journal co-citation 
analysis revealed that journals related to dentistry, obstetrics and gynecology, infection immunology, and microbiology 
are involved in researching the periodontal disease in pregnancy, representing a close interdisciplinary interaction.

USA is the Leader in This Field but Global Collaboration Still Needs to Be Strengthened
Regarding country contribution, the USA was the most productive, with three times more than Brazil. At the same time, 
the USA publications were cited seven times more than the UK, and the top ten most cited scholars were all from the 

Figure 8 Burst detection of keywords reveals research hotspots.
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USA. The USA also had close ties with Europe, Australia, and East Asia in collaborative networks. These results 
indicated that the USA was the most influential country in this field. Besides, our findings revealed that publications from 
countries with stronger economies had a higher percentage of MCP and received more citations, which may be due to the 
higher investment in scientific research and more intensive collaboration in developed countries.25,33 However, global 
collaboration in periodontal disease in pregnancy research remained infrequent, and increased international communica-
tion could yield more meaningful research findings.

Oral Microbiology is a Research Hotspot, and the Pathogenesis of Periodontal Disease 
Requires Further Exploration
More significantly, our bibliometric analysis revealed that oral microbiology research was a recent frontier topic. The 
pathogenesis of periodontal disease in pregnancy is an enduring topic. Since the end of the last century, scientists have 
recognized the potential relationship between periodontal disease and systemic diseases or women’s health issues,11,34 

and have found that it is the result of a complex interplay between microbes, the host inflammatory response to plaque, 
and host factors.35 Based on keyword burst detection, an outburst of oral microbiology-related research began in 2019 
and has continued to the present (Figure 6). Regarding publication trends, the number of publications and citations within 
this field were at a high level during these four years, significantly higher than those during the period 2014–2017 
(Figure 1). The available evidence suggested that dysbiosis of oral microbial ecology was not only closely associated 
with systemic endocrine diseases such as diabetes mellitus36 but was also a leading cause of oral diseases, including 
periodontal disease.37 Several studies have indicated that although microbial diversity does not change significantly 
during pregnancy, its composition may undergo pathogenic shifts, which are regarded as a result of changes such as 
progesterone and estrogen.5,38 Furthermore, results from novel genomic sequencing technologies demonstrated that the 
complexity of the oral microbiome was much more significant than ever anticipated.39 Oral tissues during pregnancy can 
exhibit an increased inflammatory response to microorganisms. In addition, oral microbes have been found to be 
potentially associated with adverse pregnancy outcomes, which may result from their induced immune response.40 

Clinical investigations of pregnant women with adverse pregnancy outcomes have revealed elevated levels of inflam-
matory factors in the gingival sulcus fluid, which may lead to preterm delivery.41,42 Accordingly, scholars must 
reconceptualize the contribution of oral microbes to maternal immunity, gestational health, and pregnancy outcomes.

As a Major Cause of Dental Pain, Its Public Health Impact is Being Evaluated
Another hot topic in this field was the association between periodontal disease in pregnancy and public health. The burst 
of this topic corresponded with the peak of publications since 2019. The assessment of oral health-related quality of life 
(OHRQoL) has received the most attention. As early as 2009, Acharya S et al43 found that OHRQoL was poor among 
pregnant women. In recent years, several more studies have been conducted to assess the risk factors affecting OHRQoL 
in pregnant women, including periodontal disease, hyperglycemia and adverse oral hygiene practices in early 
pregnancy.44–46 Another randomized control trial found that comprehensive periodontal treatment during pregnancy 
could reduce the negative impact in OHRQoL. Besides, Fakheran O et al47 found that oral disease negatively impacted 
self-perceptions of quality of life in pregnant women and that spiritual and psychological dimensions were more 
susceptible. However, a cross-sectional study did not identify the effect of the periodontal condition on their oral health- 
related quality of life, but the quality of life was associated with early pregnancy reactions and tooth loss.48 These 
conflicting pieces of evidence point to the need for a more in-depth study of the topic. We also found that obesity was an 
emerging keyword. The role of being overweight in oral health during pregnancy is being widely explored. The study by 
Caracho RA et al49 revealed worse periodontal status in overweight pregnant women at late gestation and a more 
significant impact on quality of life. Obesity and pregnancy may contribute synergistically to periodontal disease, and 
recent studies have revealed a significantly altered proteome and epigenetic profile in the saliva of pregnant women.50,51 

The above evidence highlighted the importance of further investigating the association of periodontal disease in 
pregnancy with public health.
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Some limitations of this study should be clarified. First, only choosing publications from the SCIE database may 
result in particular selection bias. Second, a period was often needed for new publications to achieve a high academic 
impact, which may affect the assessment of academic impact. Finally, the literature search was based on the topic of the 
publication, and some relevant publications could be missed.

Conclusion
In conclusion, the present study provided an in-depth exploration of the global landscape and trends in periodontal 
disease in pregnancy. This research field has attracted considerable attention, and the number of relevant publications is 
rising. The USA was the leader in this research field, with economic power and academic influence closely related. 
Although relevant research has been conducted in multidisciplinary areas, collaboration requires additional strengthen-
ing. Oral microbiology and public health-related research are the current research hotspots for periodontal disease in 
pregnancy and could be the focus of exploration in the coming period.
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