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ABSTRACT

Periodontitis is a chronic, multifactorial inflammatory disease associated with dysbiotic dental biofilm that leads
to the progressive destruction of tooth-supporting tissues and has been linked to numerous systemic diseases.
However, the coexistence of two conditions does not establish a causal relationship. This study combined bib-
liometric analysis with a narrative synthesis to characterize the research landscape of periodontal-systemic
connections and assess the strength of the supporting mechanistic evidence. A total of 3,937 Scopus-indexed
publications (2000-2026) were analyzed. Annual scientific output increased from 34 publications in 2000 to
461 in 2025, with 62.5% published since 2019. Diabetes mellitus and cardiovascular diseases were the most
extensively investigated conditions. However, relatively few publications explicitly addressed the pathways
through which periodontal-derived signals reach distant organs. The hematogenous/systemic route was identi-
fied in 4.0% of the corpus, followed by the oral-gut axis (1.3%) and oral-lung axis (1.0%). Inflammation was the
most frequently investigated mechanism (38.1%), followed by microbiome alterations/dysbiosis (17.1%), im-
mune responses (13.6%), microbial virulence factors/lipopolysaccharide (LPS) (9.4%), oxidative stress (6.7%),
and extracellular vesicles (2.2%). Based on these findings, an integrative framework comprising four modes
of long-range communication was developed: direct trafficking, systemic inflammatory signaling, central im-
mune reprogramming, and adaptive immune trafficking. Among these mechanisms, only systemic inflammatory
signaling was supported by evidence from human interventional studies. Overall, the literature predominantly
focuses on epidemiological associations, the detection of microbial components, and their biological activity,
whereas direct evidence establishing their periodontal origin and causal involvement remains limited. Future
progress in this field will require a clear distinction between detection, source attribution, viability, biological
activity, and causality.

Keywords: Periodontitis; Periodontal Medicine; Bibliometric Analysis; Systemic Inflammation; Oral Microbi-
ome; Levels of Evidence; Porphyromonas Gingivalis; Hematogenous Dissemination; Oral-Gut Axis; Oral-Lung
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Introduction

Although periodontitis is a disease localized to the periodontium,
its associations extend far beyond the oral cavity. Over recent de-
cades, periodontitis has been linked to cardiovascular diseases, dia-
betes mellitus, respiratory and kidney diseases, rheumatoid arthritis,
gastrointestinal disorders, neurodegenerative conditions, cancer, and
adverse pregnancy outcomes. These associations have positioned the
connection between localized oral inflammation and distant organs as
a major area of interest in contemporary periodontal medicine [1,2].
Biologically, periodontitis is characterized by subgingival biofilm dys-
biosis, dysregulation of the host immune response, and progressive
destruction of tooth-supporting tissues. The current challenge is not
merely to recognize these associations, but to determine how a peri-
odontal lesion may generate signals capable of reaching or affecting
distant tissues and to establish the level of evidence supporting these
connections [3].

The growing recognition of these associations has consolidated
the concept of periodontal medicine while also highlighting a funda-
mental limitation: epidemiological coexistence does not, by itself, es-
tablish causality. Periodontitis and many systemic diseases share risk
factors, genetic susceptibility, and metabolic and immunoinflamma-
tory mechanisms, making it difficult to distinguish direct biological
connections from associations explained, at least in part, by shared
determinants [4].

Therefore, the central question is not simply whether periodon-
titis is associated with a given systemic condition, but whether a de-
monstrable biological sequence connects the periodontal lesion to
distant tissues. One of the most extensively investigated explanations
involves hematogenous dissemination. Periodontal inflammation and
disruption of the epithelial barrier may facilitate transient episodes of
bacteremia, allowing microorganisms or microbial products to enter
the bloodstream, a phenomenon documented using microbiological
and molecular approaches [5,6]. However, detecting microbial mate-
rial in the systemic compartment represents only the initial step in
establishing a mechanistic connection. The detection of a microbial
signal does not necessarily establish its periodontal origin; the iden-
tification of microbial DNA does not demonstrate viability; the pres-
ence of viable microorganisms does not, by itself, confirm biologically
relevant activity; and the demonstration of a functional response does
not automatically establish causality. Distinguishing among these lev-
els of evidence is essential for critically assessing the extent to which
a periodontal-systemic association represents a biologically support-
ed connection.

The complexity of these interactions has progressively shifted
the conceptual framework beyond bacteremia alone. Periodontal le-
sions may serve as a source not only of microorganisms but also of
endotoxins, virulence factors, extracellular vesicles, and host-derived
mediators capable of entering the circulation or modulating systemic

responses [7]. Consistent with this framework, periodontitis has been
associated with measurable systemic inflammation and alterations in
circulating immune responses [3,8]. Furthermore, periodontal treat-
ment can reduce certain systemic inflammatory markers; however,
changes in biomarkers or intermediate physiological functions do not
necessarily translate into the prevention of clinically manifest disease
in distant organs [9,10]. This broader framework also encompasses
mechanisms that do not require the persistent presence of microor-
ganisms within recipient tissues. Proposed mechanisms include the
reprogramming of hematopoietic stem and progenitor cells (HSPCs),
modulation of circulating immune responses, and trafficking of ac-
tivated immune cells [11]. In addition, periodontal-systemic com-
munication may occur through distinct biological routes, including
hematogenous/systemic dissemination, the oral-gut axis, and the
oral-lung axis, further expanding the conceptual model of commu-
nication between periodontal lesions and distant organs [7,12]. Col-
lectively, these observations suggest that the relationship between
periodontitis and systemic diseases is unlikely to be explained by a
single route or mechanism.

This increasing mechanistic complexity has been accompanied by
a rapid expansion of the scientific literature. The field now encom-
passes research ranging from epidemiological associations and sys-
temic biomarkers to microbial translocation, dysbiosis, inflammation,
immunometabolism, and immune reprogramming [3,7]. However, an
increase in publication output does not necessarily reflect a corre-
sponding advance in mechanistic understanding or causal evidence.
It remains necessary to determine which systemic conditions have
received the greatest scientific attention, which biological routes have
been explicitly investigated, which mechanisms predominate in the
literature, and, most importantly, to what extent the available evi-
dence supports progression from statistical associations toward bio-
logically substantiated connections. Overall, the periodontal-system-
ic literature has evolved from describing clinical associations toward
increasingly complex models of biological communication between
periodontal lesions and distant organs.

However, this expansion has also resulted in a fragmented re-
search landscape in which epidemiological associations, proposed
anatomical routes, molecular mechanisms, and different levels of ev-
idence coexist [7,12]. Bibliometric analysis provides a means of map-
ping the evolution and conceptual structure of a research field [13].
In this context, integrating bibliometric approaches with mechanistic
evidence assessment is particularly valuable for organizing a large
and heterogeneous body of literature characterized by varying levels
of inferential strength. The aim of this study was to integrate these
dimensions into a unified framework to identify which systemic con-
ditions have received the greatest scientific attention, which biologi-
cal routes and molecular mechanisms have been proposed to explain
their connections with periodontitis, and to what extent the available
evidence supports these relationships.
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Materials and Methods
Study Design

A bibliometric study complemented by a focused narrative syn-
thesis of the literature was conducted to characterize the evolution,
thematic structure, and major research trends concerning the con-
nections between periodontitis and systemic diseases or conditions.
The analysis comprised two complementary components. The first
quantitatively characterized the bibliographic corpus using indica-
tors of scientific output, citation performance, geographical distri-
bution, publication sources, keyword co-occurrence, and thematic
evolution. The second examined the representation of major systemic
conditions and their co-occurrence with biological routes and mo-
lecular mechanisms potentially involved in communication between
periodontal lesions and distant organs. The narrative synthesis was
used to provide biological context for the patterns identified through
bibliometric analysis and was not intended to constitute a systematic
review or meta-analysis.

Data Source and Search Strategy

The literature search was conducted on September 5, 2026, using
Scopus (Elsevier, https://www.scopus.com/pages/home), which was
selected for its broad multidisciplinary coverage and availability of
structured metadata suitable for bibliometric analyses [14]. Records
were retrieved using the TITLE-ABS-KEY field, which searches publi-
cation titles, abstracts, and keywords.

The following search query was applied in Scopus: TITLE-ABS-
KEY ((periodontitis OR “periodontal disease” OR “periodontal dis-
eases”) AND (“systemic disease” OR “systemic diseases” OR “sys-
temic health” OR “systemic condition” OR “systemic conditions” OR
“systemic effect” OR “systemic effects” OR “systemic manifestation”
OR “systemic manifestations” OR “extraoral disease” OR “extraoral
diseases” OR “extraoral effect” OR “extraoral effects” OR “oral-sys-
temic” OR “oral systemic” OR “periodontal-systemic” OR “periodontal
systemic”)).

The search was restricted, using the Scopus filters, to publications
from 2000 to 2026, written in English, and classified as Article or Re-
view. The search strategy was designed to provide broad thematic
coverage of the periodontal-systemic research landscape without
restricting retrieval a priori to specific diseases, organs, or molecu-
lar mechanisms. Because the search was conducted before the end of
2026, data for this year were considered incomplete in the temporal
analyses.

Eligibility Criteria and Corpus Development

Records retrieved through the search strategy described above
were included if they met the predefined criteria for publication pe-
riod, document type, and language. Editorials, letters, book chapters,
conference abstracts, notes, and other publication types outside the
predefined eligibility criteria were excluded. Eligible records were ex-

ported in comma-separated values (CSV) format, including authors,
publication title, publication year, source title, affiliations, citation
counts, digital object identifier (DOI), abstract, Author Keywords, In-
dex Keywords, and bibliographic references. Before analysis, dupli-
cate records were screened using the DOI as the primary identifier
and normalized publication titles as a secondary criterion. Records
sharing an identical DOI were considered bibliographic duplicates,
and only one record was retained. Publications with similar titles but
different DOIs were not automatically removed to avoid inadvertently
excluding independent publications or simultaneously published ar-
ticles indexed as separate records.

Data Cleaning and Normalization

The Author Keywords were converted to lowercase and standard-
ized using a thesaurus file to minimize unnecessary terminological
variations. Spelling differences, singular and plural forms, hyphen-
ation, and conceptually equivalent terms were harmonized. The main
adjustments included merging periodontal disease and periodontal
diseases into periodontitis, and diabetes and type 2 diabetes into dia-
betes mellitus. Similarly, cardiovascular diseases, oral microbiota, and
biomarkers were standardized to cardiovascular disease, oral microbi-
ome, and biomarker, respectively. Normalization was performed con-
servatively to avoid merging biologically distinct concepts solely on
the basis of semantic similarity. Accordingly, terms such as periodontal
health, oral bacteria, oral pathogens, outer membrane vesicles (OMVs),
reactive oxygen species, systemic inflammation, chronic inflammation,
immune response, innate immunity, and pregnancy were retained as
separate terms. Likewise, preterm birth and low birth weight were
maintained as independent terms in the Author Keywords analysis.
Generic, methodological, or conceptually uninformative terms were
excluded from the thematic characterization, including article, review,
systematic review, meta-analysis, association, prevalence, risk factors,
diagnosis, and treatment. The final thesaurus is available in Zenodo
(https://doi.org/10.5281/zenodo.23362562). For subsequent text-
based analyses, information from the Title, Abstract, Author Key-
words, and Index Keywords fields was combined. Searches were per-
formed in a case-insensitive manner, and each term or category was
counted only once per document within each analysis.

Descriptive Bibliometric Indicators

Annual scientific output was determined by the number of doc-
uments published each year from 2000 to 2026. The distribution by
document type (Article or Review, according to the Scopus classifi-
cation) was examined across three consecutive nine-year periods:
2000-2008, 2009-2017, and 2018-2026. For each period, the total
number of documents and the proportion classified as reviews were
calculated. Journal productivity was assessed using the Source title
field, identifying the 15 journals with the highest number of publica-
tions. Geographic research output was determined from the countries
listed in author affiliations using the full counting method at the coun-
try level. Each country received one count per document when repre-
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sented in at least one affiliation, regardless of the number of authors
or institutions associated with that country. Consequently, interna-
tionally coauthored publications could contribute simultaneously to
the publication counts of multiple countries. Country names were
standardized before analysis. Citation impact was assessed using the
Cited by field recorded in Scopus at the time of data retrieval. Cumula-
tive citation counts, without normalization by publication year, were
used to identify the 15 most highly cited documents in the corpus.
Simultaneously published articles indexed by Scopus as independent
records were retained and counted separately.

Keyword Co-Occurrence Analysis

The conceptual structure of the research field was examined us-
ing VOSviewer version 1.6.21, based exclusively on the previously
standardized Author Keywords. The full counting method was applied,
with a minimum threshold of 10 occurrences for term inclusion and
normalization using association strength. Three complementary visu-
alizations were generated from the same keyword dataset: network
visualization, to illustrate thematic structure and connectivity; overlay
visualization, to examine the temporal distribution of terms according
to their average publication year; and density visualization, to identi-
fy areas with the highest concentration of terms and co-occurrence
relationships. In the network, node size represented the frequency
of occurrence of each term, while links indicated co-occurrence rela-
tionships between terms.

Frequency and Temporal Evolution of Author Keywords

The 15 most frequently occurring Author Keywords in the normal-
ized corpus were identified, counting each term only once per docu-
ment. To assess their temporal evolution, the study period was divided
into three consecutive nine-year intervals: 2000-2008, 2009-2017,
and 2018-2026. For each term, the number of documents in each in-
terval and its proportion relative to the total number of documents
with available Author Keywords in the corresponding period were cal-
culated. This approach allowed absolute growth to be distinguished
from changes in the relative representation of individual terms with-
in the literature. Temporal evolution was visualized using an alluvial
diagram. To accommodate differences in term frequencies, node and
ribbon widths were scaled according to the square root of the number
of documents, while labels displayed absolute document counts. The
2018-2026 interval includes incomplete data for 2026.

Thematic Classification of Systemic Conditions

The major systemic conditions were identified through a term-
based thematic classification applied collectively to the Title, Abstract,
Author Keywords, and Index Keywords fields. Ten categories were de-
fined: diabetes mellitus, cardiovascular disease, cancer, obesity/met-
abolic disorders, adverse pregnancy outcomes, respiratory disease,
rheumatoid arthritis, Alzheimer’s disease/neurodegeneration, chronic
kidney disease, and inflammatory bowel disease. Each category was
defined using a controlled dictionary of terms and their variants,

which was reviewed beforehand to minimize terminological over-
lap between categories. At this classification level, clinically related
terms such as preterm birth and low birth weight were grouped under
adverse pregnancy outcomes, although they were retained as inde-
pendent terms in the Author Keywords analysis. Each document was
counted only once within each category but could contribute to more
than one systemic condition when the corresponding classification
criteria were met. Three indicators were calculated for each system-
ic condition: the total number of documents, the average publication
year, and the proportion of recent publications, defined as the per-
centage of documents published between 2020 and 2026 relative to
the total number of documents assigned to that category.

Disease-Route-Mechanism Co-Occurrence Analysis

A document-level co-occurrence analysis was performed using
the Title, Abstract, Author Keywords, and Index Keywords fields col-
lectively. Biological routes were grouped into three categories: he-
matogenous/systemic dissemination, oral-gut axis, and oral-lung axis.
Hematogenous/systemic dissemination was defined as the entry of
periodontal microorganisms, their products, or inflammatory media-
tors into the bloodstream; the oral-gut axis as the connection between
the oral cavity and the intestine, either through ectopic microbial col-
onization or immune cell trafficking; and the oral-lung axis as the
connection between the oral cavity and the lungs, primarily through
aspiration of oral secretions. Molecular mechanisms were classified
into six categories: inflammation, oxidative stress, microbiome/dysbio-
sis, immunity, virulence/LPS, and extracellular vesicles. Each systemic
condition, biological route, and molecular mechanism was identified
using controlled dictionaries of terms and their variants, available in
Zenodo (https://doi.org/10.5281/zenodo.23362562). For each doc-
ument, only the presence or absence of each category was recorded,
ensuring that repeated occurrences of the same term within a record
did not increase its count. To minimize associations arising from ter-
minological overlap, generic terms such as gut microbiota, gut micro-
biome, and gut dysbiosis, as well as their intestinal equivalents, were
not used independently to define the oral-gut axis. Similarly, the term
inflammatory alone was not considered sufficient to classify a doc-
ument under the inflammation mechanism, thereby preventing the
automatic inclusion of publications mentioning inflammatory bowel
disease.

Disease-route co-occurrence was recorded when both categories
were identified within the same document, whereas route-mecha-
nism co-occurrence was recorded when both appeared in the same
publication. Each category pair contributed a maximum of one count
per document. Disease-route and route-mechanism co-occurrences
were summarized using document-level matrices. For each category
pair, the number of documents in which both categories were present
was calculated, together with its proportion relative to the total num-
ber of documents assigned to the corresponding row category. The
complete co-occurrence matrices are available in Zenodo (https://
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doi.org/10.5281/zenodo.23362562). These relationships were in-
terpreted exclusively as thematic co-occurrences within the scientific
literature and not as direct evidence of biological translocation, mo-
lecular activity, directionality of effects, or clinical causality.

Narrative Synthesis and Development of Conceptual Mod-
els

The bibliometric findings were complemented by a focused nar-
rative synthesis aimed at providing biological context for the major
routes and mechanisms identified and integrating representative
evidence concerning periodontal-systemic connections. References
were identified through targeted searches in Scopus and examina-
tion of consensus reports, systematic reviews, and relevant primary
studies. Priority was given to publications providing evidence directly
related to the biological routes, molecular mechanisms, or systemic
consequences under consideration, including epidemiological, ex-
perimental, microbiological, molecular, and interventional studies.
Study selection was intended for contextual and interpretative pur-
poses rather than comprehensive evidence retrieval. No formal risk-
of-bias assessment or hierarchical grading of evidence quality was
performed. Accordingly, this component should be interpreted as a
narrative synthesis rather than a systematic review. Based on this
evidence, two complementary conceptual models were developed.
The first integrated periodontal sources, the three biological routes
examined, the mechanistic categories identified through bibliometric
analysis, and their major systemic consequences.

The n values associated with the mechanisms were derived from
the bibliometric analysis, whereas specific molecular processes and
systemic consequences were informed by the selected literature. The
second model organized communication between periodontal lesions
and distant organs into four conceptual modes: direct trafficking, sys-
temic inflammatory signaling, central immune reprogramming, and
adaptive immune trafficking. This classification was based on the na-
ture of the transmitted signal, the biological compartment involved,
and the type of available evidence. These modes were not considered
mutually exclusive. Finally, the evidence was organized into five con-
ceptual levels of inferential strength: detection, periodontal source at-
tribution, viability or cargo integrity, biological activity, and causality.
Each level was defined according to what could be established by the
experimental design and analytical methods employed. These levels
served as a framework for distinguishing different degrees of mech-
anistic demonstration, and the available evidence supporting a given
association was not assumed to progress necessarily through these
levels in a sequential manner. The qualitative assessment of the avail-
able evidence at each level—extensive, limited, or scarce—was based
on the representative literature reviewed rather than on bibliometric
counts.

Software and Data Visualization

Co-occurrence network maps, temporal overlay maps, and densi-
ty maps were generated using VOSviewer version 1.6.21. Corpus pro-
cessing, data cleaning, document-level counting, and frequency and
co-occurrence analyses were conducted using Python 3.13.5, primar-
ily employing pandas 2.2.3 for data processing and Matplotlib 3.10.8
for customized quantitative visualizations. The individual document
was used as the fundamental unit of analysis and counting.

Analytical Considerations

All analyses were descriptive and exploratory in nature. Term fre-
quencies, publication counts, and co-occurrence patterns were used
to characterize the structure and evolution of the scientific literature
and were not interpreted as direct measures of biological relevance,
the magnitude of clinical associations, or causality.

No hypothesis testing or meta-analysis of effect sizes was per-
formed, and bibliometric frequencies were not used to draw causal
inferences. Furthermore, the conceptual models represent an inter-
pretative integration of published evidence rather than experimen-
tal demonstration of a single causal pathway linking periodontitis to
systemic diseases.

Results
Bibliometric Overview and Thematic Structure

The search yielded 3,937 documents, comprising 2,677 original
research articles and 1,260 review articles.

In the keyword co-occurrence network, periodontitis was the
largest and most centrally positioned node, showing prominent
connections with systemic diseases, inflammation, diabetes melli-
tus, cardiovascular disease, oral health, Porphyromonas gingivalis (P,
gingivalis), and oxidative stress (Figure 1A). In the temporal overlay
visualization, terms such as microbiome, biomarker, metabolomics,
proteomics, precision medicine, machine learning, and artificial intel-
ligence exhibited more recent average publication years (Figure 1B).
The density visualization revealed the highest concentrations around
periodontitis, inflammation, systemic diseases, diabetes mellitus, car-
diovascular disease, oral health, and P, gingivalis (Figure 1C). Among
the 3,354 documents with available Author Keywords, periodontitis,
the central term of the search strategy, appeared in 1,897 documents
(56.6%). Other frequently occurring terms included systemic diseases
(n = 329), inflammation (n = 306), diabetes mellitus (n = 286), oral
health (n = 279), P. gingivalis (n = 180), oral microbiome (n = 164), and
cardiovascular disease (n = 163), followed by saliva (n = 114), chronic
periodontitis (n = 113), gingivitis (n = 96), biomarker (n = 92), dental
caries (n = 86), epidemiology (n = 82), and tooth loss (n = 80) (Figure
1D).
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Figure 1: Thematic structure of periodontitis-systemic disease research (Scopus, 2000-2026; n = 3,937).

A.  Keyword co-occurrence network.

B.  Temporal overlay of keyword co-occurrence (average publication year).
C.  Keyword density visualization.

D.

Scientific Output, Thematic Evolution, and Citation Impact

Annual scientific output increased from 34 documents in 2000
to 461 in 2025, with a marked acceleration since 2019. A total of
2,460 documents (62.5% of the corpus) were published between

Top 15 Author Keywords; periodontitis is the search term (n =1,897; 56.6% of documents with Author Keywords). Maps were generated in
VOSviewer 1.6.21 using Author Keywords, full counting, a minimum of 10 occurrences and association strength normalization.

2019 and 2026. The year 2026, which was still incomplete at the
time of data retrieval, accounted for 372 documents (Figure 2A). Of
the 3,937 documents, 2,677 (68.0%) were original research arti-
cles and 1,260 (32.0%) were reviews. Publication output increased
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from 389 documents in 2000-2008 to 949 in 2009-2017 and 2,599
in 2018-2026. The proportion of review articles was 33.7%, 25.4%,
and 34.2%, respectively (Figure 2B). The temporal analysis of Author
Keywords revealed a shift toward microbiome- and biomarker-related
research topics. The frequency of oral microbiome increased from 0
documents in 2000-2008 to 156 in 2018-2026, P. gingivalis from 8
to 148, and biomarker from 1 to 76. In relative terms, oral microbiome
increased from 0% to 6.5% of documents with available Author Key-
words, whereas P, gingivalis increased from 3.9% to 6.1%. Conversely,
the relative representation of diabetes mellitus decreased from 11.2%

to 7.8%, and that of cardiovascular disease from 7.3% to 4.1%, while
inflammation remained consistently represented across the three pe-
riods (9.2%, 7.3%, and 9.7%, respectively) (Figure 2C). The United
States led scientific output (n = 889; 22.6% of the corpus), followed
by China (n = 474), India (n = 471), Japan (n = 274), and Brazil (n =
263). Italy, the United Kingdom, Germany, Tiirkiye, and Saudi Arabia
occupied the next positions, while Spain, South Korea, Sweden, Po-
land, and Romania completed the 15 most productive countries (Fig-
ure 2D). Mexico ranked 34th, outside the top 15, with 30 documents
(0.8% of the corpus).
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2000-2008 20092007 20182026 2000-2008 2009-2017 2018-2026
\ 30001 == Article Periodontitis e s L
wo 2008 part :‘., e = 2,599 | Reviews 34.2% Systemic diseases 3 - -
n Y 2500 I | Inflamemnaticn s = am
E f Diabites melitzs  ane S e
E 3004 E 2000 L Oval haalth  aa - Ee
g 3 Porphyromonss gingheads & £ e
E .§ Oral microblome & . ise
@ 5 100 Cardiovascular disease 18 " 100
& 200]
2 H Sibva o n B
E E 1000 hs B0 | Reviema 38 4% Chromic periodontits 2 - n
; z Gingivitis & £ »
b | Biomarker » S
500
Dental caries <3 = o
cpidomiciogy = e
oo 2005 2010 s w10 228 2000-2008 2008-2017 2018-2026 bl - s
Year Perlod
E F

Top 15 most cited documents

apengai, . 2015 [ 5+
Tonati, M.5. 12008a1 I 2
sare, . 01 [ 163

5 e cov [ 150
2 s o [ 1057
i Hagshengalls, G. 12011) | 017
3 ronens, s oonse) [ 1008
H . . szooo: [ =2
£ crapple i izo10) [ =22
£ medion c con [ e
£ musassn, w. o [N 722
H oui, 1.0. 12019 [N ss7
L ———
Gao, L 120181 | s6o
Jin, . 20161 I s0s
W40 60 B 10 10 10 160 o w0 1300 1300 2400 2500

o 00 400 w0 200

Number of documents

Number of citations

Number of documents

Figure 2: Scientific production, thematic evolution and impact (Scopus, 2000-2026; n = 3,937).
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The documents were distributed across 1,212 publication sourc-
es, with the 15 most productive journals accounting for 955 publica-
tions (24.3%). Journal of Periodontology ranked first (n = 146), fol-
lowed by Journal of Clinical Periodontology (n = 101), BMC Oral Health
(n = 86), Periodontology 2000 (n = 84), and Journal of Periodontal
Research (n = 69) (Figure 2E). The corpus accumulated 139,323 ci-
tations, with a median of 10 citations per document. The most high-

Annual production; shaded intervals correspond to the periods used in (B) and (C); 2026 is a partial year.

Top 15 Author Keywords across the same periods (square-root scaled; labels show absolute counts).

Top 15 most cited documents (cumulative Scopus citations); Tonetti 2018a/b are simultaneous publications in ] Periodontol and ] Clin

ly cited publications were those by Hajishengallis [15] (2015; 2,549
citations), Tonetti, et al. [16] (2018a; 2,433), Sanz, et al. [17] (2020;
1,263), Larsen [18] (2017; 1,198), and Slots [19] (2017; 1,037). Oth-
er highly cited publications included Hajishengallis, et al. [20] (2011;
1,017), Tonetti, et al. [21] (2018b; 1,008), Li, et al. [22] (2000; 999),
Chapple, etal. [23] (2018; 892), Redlich and Smolen [24] (2012; 788),
Tsukasaki and Takayanagi [25] (2019; 722), Bui, et al. [26] (2019;
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687), Petersen and Baehni [27] (2012; 684), Gao, et al. [28] (2018;
669), and Jin, et al. [29] (2016; 595). Collectively, the most highly cited
literature encompassed seminal mechanistic studies, conceptual and
narrative reviews, international consensus reports, and broader con-
tributions addressing periodontal inflammation, oral microbiology,
disease classification, and the relationship between oral and systemic
health (Figure 2F).

Systemic Conditions, Biological Routes, and Molecular
Mechanisms

Diabetes mellitus was the most frequently investigated systemic
condition (n = 1,231; 31.3% of the corpus), followed by cardiovas-
cular disease (n = 1,204; 30.6%) and cancer (n = 616; 15.6%). Oth-
er conditions included obesity/metabolic disorders (n = 383; 9.7%),
respiratory disease (n = 294; 7.5%), rheumatoid arthritis (n = 281;
7.1%), Alzheimer’s disease/neurodegeneration (n = 272; 6.9%), ad-
verse pregnancy outcomes (n = 221; 5.6%), chronic kidney disease (n
= 134; 3.4%), and inflammatory bowel disease (n = 120; 3.0%). The

Systemic disease landscape and research recency

highest proportions of recent publications were observed for inflam-
matory bowel disease (77.5% of its documents published between
2020 and 2026; mean publication year, 2021.6), Alzheimer’s disease/
neurodegeneration (75.7%; 2021.3), cancer (62.7%), and rheumatoid
arthritis (60.9%). In contrast, adverse pregnancy outcomes exhibit-
ed the earliest publication profile (35.7%; mean publication year,
2015.1) (Figure 3A). Biological routes were explicitly identified in
only a small proportion of the corpus: hematogenous/systemic dissem-
ination in 158 documents (4.0%), the oral-gut axis in 53 (1.3%), and
the oral-lung axis in 39 (1.0%). Because these categories were not
mutually exclusive, their percentages do not sum to 100%. Together,
they accounted for no more than 250 documents (6.4%), indicating
that at least 3,687 documents (93.6%) did not explicitly describe any
of the three routes. The most frequent disease-route co-occurrence
involved cardiovascular disease and hematogenous/systemic dissem-
ination (n = 91; 7.6% of cardiovascular disease-related documents),
followed by diabetes mellitus (n = 54; 4.4%) and cancer (n = 35; 5.7%)
with the same route.

Disease x biological route
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Figure 3: Systemic conditions, biological routes and molecular mechanisms in periodontitis research (Scopus, 2000-2026).

A.
B.
C.

Disease x biological route co-occurrence matrix.

Main systemic conditions: bubble size indicates the number of documents and color the percentage of recent publications (2020-2026).

Biological route X molecular mechanism co-occurrence matrix. In (B) and (C), cells show the number of co-occurring documents and, in

parentheses, the percentage of the documents in each row (condition or route, respectively); color intensity is proportional to the number of
documents within each matrix, and grey indicates no co-occurring documents. Documents may be assigned to more than one category.
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For the oral-gut axis, the highest co-occurrence frequencies were
observed with inflammatory bowel disease (n = 13; 10.8%) and di-
abetes mellitus (n = 12; 1.0%), whereas the oral-lung axis most fre-
quently co-occurred with respiratory disease (n = 30; 10.2%) and car-
diovascular disease (n = 21; 1.7%) (Figure 3B).Among the molecular
mechanisms, inflammation was the most frequently represented (n
= 1,499; 38.1% of the corpus), followed by microbiome/dysbiosis (n
= 674; 17.1%), immunity (n = 535; 13.6%), virulence/LPS (n = 371;
9.4%), oxidative stress (n = 263; 6.7%), and extracellular vesicles (n
= 88; 2.2%). Each biological route exhibited a distinct mechanistic
co-occurrence profile. Hematogenous/systemic dissemination most
frequently co-occurred with inflammation (n = 103; 65.2% of docu-
ments assigned to this route), followed by microbiome/dysbiosis (n
= 46), immunity (n = 42), and virulence/LPS (n = 39). The oral-gut
axis predominantly co-occurred with microbiome/dysbiosis (n = 46;
86.8%) and inflammation (n = 36; 67.9%), whereas the oral-lung axis
most frequently co-occurred with inflammation (n = 21; 53.8%) and
microbiome/dysbiosis (n = 11; 28.2%). Extracellular vesicles, the least
represented mechanistic category, co-occurred with hematogenous/
systemic dissemination in seven documents and with the oral-gut
axis in four documents. Percentages in the co-occurrence matrices
represent the proportion of documents within each systemic condi-
tion (Figure 3B) or biological route (Figure 3C) exhibiting the corre-
sponding co-occurrence. Individual documents could be assigned to
multiple systemic conditions, biological routes, or molecular mech-
anisms. Accordingly, co-occurrence patterns reflect how frequently
these topics were addressed together in the literature rather than
establishing causal relationships (Figure 3C).

Synthesis of Representative Evidence

Table 1 summarizes representative evidence for ten systemic
conditions, integrating the reported biological routes, major mech-
anisms involved, associated periodontal-derived factors, and docu-
mented systemic consequences. Biological routes were assigned to
each condition according to the communication pathways proposed
in the representative references and grouped into the three catego-
ries used in the bibliometric analysis: hematogenous/systemic dissem-
ination, involving the entry of periodontal microorganisms or their
products (such as LPS, vesicles, and inflammatory mediators) into
the bloodstream and their subsequent transport to distant organs;
the oral-gut axis, encompassing ectopic intestinal colonization by
oral microorganisms and the migration of immune cells from the oral
cavity to the intestine; and the oral-lung axis, involving aspiration of
oral secretions into the lower respiratory tract. A given systemic con-
dition could involve more than one biological route. Hematogenous/
systemic dissemination was the most frequently described route, iden-
tified in nine of the ten systemic conditions, with inflammatory bowel
disease being the only exception, for which only the oral-gut axis was
described. The oral-gut axis was also identified in obesity/metabolic
disorders and cancer, whereas the oral-lung axis was described exclu-
sively in respiratory disease. Inflammation was the common mecha-
nism across all ten conditions, frequently accompanied by oxidative
stress and immune activation.

Table 1: Major systemic conditions associated with periodontitis: proposed biological routes, mechanisms, and representative evidence.

Systemic con- BeRiEssntalize Main systemic con- Representa-
ystem Biological route(s) Main proposed mechanisms periodontal-related Y 5 tive refer-
dition sequence described
factors ences
Hematogenous/ Inflammation (chronic, bidirectional Periodontal dysbiosis; i?lﬁi;ﬁe:nglitﬂféf_ Sanz. et al
Diabetes mel- S stemicgdissemi- systemic signaling); Oxidative stress; Im- microbial products; tional amplification | [30]; Bc,)tero ot
litus Yy nation munity (dysregulated immune responses); pro-inflammatory of Derio dgntal—s o ;l 1 [31] !
insulin resistance mediators per! b4 ’
temic inflammation
Periodontal patho- .
. Hematogenous/ Inflammation (systemic); Oxidative stress; gens and microbial Endqthehal dys- Sanz, et al.
Cardiovascular O . ; . A . function, vascular :
disease systemic dissemi- Immunity (vascular immune activation); products; LPS; circu- ; nﬂamm,a tion and [17]; Tonetti,
nation endothelial dysfunction lating inflammatory h . etal. [32]
T nediators atherogenic processes
Microbiome/ dysbiosis (tumor coloni- . S
. zation by oral bacteria); Virulence/LPS L Promotl_on Of. tumor | Rubinstein, et
Cancer (mainly Hematogenous/ . . S - F. nucleatum; P. gingi- | cell proliferation and | al. [33]; Fan,
colorectal and | systemic dissemina- (adhesin-mediated oncogenic signaling, valis; A. actinomycetem- rogression; associ- et al. [34];
N A . FadA-E-cadherin/ 3-catenin); Inflam- s Y progression, . ’
; Oral h d 1
Ppancreatic) tion; Oral-gut axis mation (pro-tumorigenic); Immunity comitans ation w1.t increase Komiya, et al.
(immune evasioﬁ) pancreatic cancer risk [35]
. Hematogenous/ I'nﬂa.mmatlon (low-gre.lde systeml.c ) . Oral dysbiosis; micro- Systemlc mgtabohc Keller, et al.
Obesity / meta- L . Oxidative stress; Microbiome/ dysbiosis; . . inflammation and .
o systemic dissemina- | . . ;i . bial products; inflam- | . . [36]; Kim, et
bolic disorders . . insulin resistance and metabolic dysreg- . increased periodontal
tion; Oral-gut axis . matory mediators et al. [37]
ulation susceptibility
Oral-lung axis; . . - - Oral and periodon- | Alterations in pulmo- | Gomes-Filho,
. Microbiome/ dysbiosis (aspiration and . . . .
Respiratory Hematogenous/ . . . . . tal microorganisms; | nary microbial ecolo- etal. [38];
: o . microbial translocation; respiratory dysbi- . . . - -
disease systemic dissemi- e - . microbial products; in- | gy and inflammatory | Molina, et al.
. osis); Inflammation (local and systemic) .
nation flammatory mediators responses [39]
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Immunity (trained immunity; enhanced P. gingivalis; PPAD; e
N - . : Amplification of .
. Hematogenous/ myelopoiesis through central immune periodontal inflam- . . Gabarrini, et
Rheumatoid .o . L . -\ . . autoimmune and in- 1
arthritis systemic dissemi- | reprogramming); Inflammation (systemic); matory signals; flammatory respons- al. [40]; Li, et
nation Virulence/LPS (PPAD-related citrullina- | IL-1-dependent HSPC \matory resp al. [11]
. . es in distant joints
tion) reprogramming
Alzheimer’s Hematogenous,/ . Inflammation (negro;nﬂ-ammatlgn);. P.. glr.zgzvulizs; gingi- Ne}lrmmmune acti- Leira, et al.
. .o . Virulence/LPS (gingipains; dissemination | pains; LPS; systemic | vation and neurode- .
disease/neuro- systemic dissemi- ) L AN qoas ! - ) - [41]; Dominy,
d . . of microbial virulence factors); Oxidative inflammatory medi- | generation-associated
egeneration nation etal. [42]
stress ators processes
Periodontal microor- nriigimfelsmgs;;' Sanz, et al.
Hematogenous/ Microbiome/ dysbiosis (microbial dis- ganisms and microbial y resp ’ [43]; Vander
Adverse preg- . on . L . . preterm birth and
systemic dissemi- semination); Inflammation (systemic and components; F. nu- Haar, et al.
nancy outcomes . . g . . other adverse preg- : .
nation placental); Immunity (immune activation) | cleatum; inflammatory ; [44]; Fardini,
. nancy-associated
mediators et al. [45]
processes
Periodontal inflamma- Increased system- Des-
o Hematogenous/ Inflammation (systemic); Oxidative stress; | tory burden; microbial ic inflammatory champs-Len-
Chronic kidney .o - P . g . .
di systemic dissemi- Immunity (immune dysfunction); endo- products; circulating burden and kidney hardst, et al.
isease . . . . - . - .
nation thelial dysfunction inflammatory medi- disease-associated [46]; Serni, et
ators dysfunction al. [47]
Microbiome/ dysbiosis (ectopic coloni- Oral pathobionts; P. Intestinal immune .
R R R LN . NN . Kitamoto, et
Inflammatory Oral-eut axis zation; intestinal dysbiosis); Immunity gingivalis; F. nucleatum; | activation and exac- al. [48]; Zhou
bowel disease ) (trafficking of oral-derived Th17 cells); Klebsiella spp.; oral-de- | erbation of intestinal ' ’ 4
. . s . - . etal. [49]
Inflammation (inflammasome activation) rived Th17 cells inflammation

Note: Conditions are ordered as in Figure 3. Biological routes correspond to the three categories of Figure 3B, and the mechanisms named first in each

entry correspond to the six categories of Figure 3C; additional mechanistic details are given in parentheses or in lowercase. Abbreviations: A. actinomyce-

temcomitans, Aggregatibacter actinomycetemcomitans; F. nucleatum, Fusobacterium nucleatum; FadA, Fusobacterium adhesin A; HSPC, hematopoietic stem and

progenitor cell; IL-1, interleukin-1; LPS, lipopolysaccharide; P. gingivalis, Porphyromonas gingivalis; PPAD, P. gingivalis peptidylarginine deiminase; Th17,

T helper 17 cells.

Disease-specific mechanisms were also identified, including ci-
trullination mediated by P gingivalis peptidylarginine deiminase
(PPAD) and IL-1-dependent HSPC reprogramming in rheumatoid
arthritis; dissemination of microbial virulence factors, such as gin-
gipains and LPS, in Alzheimer’s disease/neurodegeneration; ectopic
microbial colonization associated with T helper 17 (Th17) responses
in inflammatory bowel disease; and bacterial adhesin-mediated onco-
genic signaling in cancer.

Integrative Mechanistic Model of Periodontal-Systemic
Connections

Based on the bibliometric analysis and the representative evi-
dence summarized in Table 1, an integrative model was developed to
organize the connections between periodontal lesions and systemic
diseases into a sequence encompassing periodontal sources, biolog-
ical routes, molecular mechanisms, systemic consequences, and as-

sociated diseases. Periodontal sources included the dysbiotic biofilm
and its major pathobionts, pathogen-associated molecular patterns
(PAMPs) such as LPS, virulence factors, OMVs, and host-derived me-
diators. Their communication with distant tissues was represented
through three biological routes: hematogenous/systemic dissemina-
tion, the oral-gut axis, and the oral-Iung axis. Among the mechanisms
identified through bibliometric analysis, inflammation showed the
highest frequency of representation (n = 1,499), followed by microbi-
ome/dysbiosis (n = 674), immunity (n = 535), virulence/LPS (n = 371),
oxidative stress (n = 263), and extracellular vesicles (n = 88). These
mechanisms were linked to five major systemic consequences: chron-
ic low-grade inflammation, oxidative damage, endothelial and vascu-
lar dysfunction, metabolic dysregulation, and immune dysregulation/
autoimmunity. Collectively, the model summarizes the convergence of
multiple periodontal-derived signals on shared biological processes
implicated in the major systemic diseases examined (Figure 4).
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Figure 4: Integrative mechanistic model linking periodontitis with systemic disease. Periodontal sources (dysbiotic biofilm, pathobionts, PAMPs,
virulence factors, OMVs and host-derived mediators) reach distant sites through three biological routes: hematogenous/systemic dissemination,
the oral-gut axis and the oral-lung axis. These routes converge on six molecular mechanisms, which lead to systemic consequences associated
with the systemic conditions analyzed. n values indicate the number of documents assigned to each mechanism in the bibliometric corpus (Figure
3C); molecular processes and consequences summarize the representative evidence in Table 1. Arrows represent conceptual links and do not

imply demonstrated causality.

Modes of Communication Between Periodontal Lesions
and Distant Organs

Complementing the bibliometric findings, the narrative evidence
was organized into four modes of long-range communication, distin-
guished by the nature of the transmitted signal and the type of evi-
dence supporting each mode (Figure 5). Adaptive immune trafficking
(Figure 5A) involves the migration of immune cells reactive to oral
antigens or pathobionts toward distant tissues, particularly the in-
testine. Direct trafficking (Figure 5B) refers to the dissemination of
viable bacteria or microbial components, such as bacterial DNA, gin-
gipains, LPS, and OMVs, to distant tissues. Systemic inflammatory sig-
naling (Figure 5C) is mediated by circulating inflammatory mediators

and acute-phase reactants and does not require microorganisms to
be present in the recipient organ. Finally, central immune reprogram-
ming (Figure 5D) describes the action of inflammatory signals on
HSPCs in the bone marrow, leading to trained myelopoiesis and the
generation of hyperreactive myeloid cells. The evidence supporting
these modes differs. Adaptive immune trafficking and central im-
mune reprogramming rest predominantly on animal models, whereas
direct trafficking is supported mainly by human observational stud-
ies and experimental models. Systemic inflammatory signaling is the
only mode with evidence from human interventional studies. These
modes are not mutually exclusive and may coexist within the same
periodontal-systemic connection.
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Figure 5: Modes of long-range communication between periodontal lesions and distant organs. Four non-mutually exclusive modes are depicted:
A.  Adaptive immune trafficking, in which oral antigens and pathobionts are drained to lymph nodes and Th17 cells migrate to inflamed sites

such as the gut;

B.  Direct trafficking of live bacteria, bacterial DNA, gingipains, LPS, and OMVs through the circulation;
C.  Systemic inflammatory signaling, mediated by circulating cytokines (interleukin [IL]-1p, IL-6, and tumor necrosis factor [TNF]) and acute-

phase responses such as C-reactive protein (CRP); and

D. Central immune reprogramming, in which inflammatory signals act on bone marrow progenitors (HSPCs) to induce trained myelopoiesis
and hyperreactive neutrophils and monocytes. Colored arrows indicate the connections between the periodontal lesion and the artery, joint,

intestine, and brain. Symbols denote the predominant type of supporting evidence: human observational studies (), animal models (

intervention trials (m).

Levels of Evidence in Periodontal-Systemic Connections

The reviewed evidence was organized into five conceptual levels,
each reflecting what a given study design can establish regarding the
connection between a periodontal lesion and a distant tissue. The
first level, detection, involves identifying microbial DNA, proteins, or
virulence factors in distant tissues using polymerase chain reaction
(PCR), sequencing, or immunodetection. This demonstrates the pres-
ence of microbial material but does not establish microbial viability,
biological activity, or oral origin. The second level, periodontal source
attribution, involves demonstrating that microbial material detected
in a distant tissue matches that found in the periodontal pocket of
the same individual, ideally through strain-level identification using
paired samples. However, this does not establish the route by which
the material reached the distant tissue. The third level, viability or
cargo integrity, involves demonstrating the presence of viable mi-
croorganisms through culture or viability assays, or confirming the
structural integrity of extracellular vesicles. Nevertheless, these find-
ings do not establish whether the detected material exerts biologi-
cal effects on the recipient tissue. The fourth level, biological activity,

A), and

involves demonstrating through functional assays that microbial ma-
terial alters cellular signaling, immune responses, or tissue function.
However, such findings do not necessarily establish that these effects
contribute to clinically manifest disease. The fifth level, causality, in-
volves determining whether changes in periodontal exposure lead
to changes in systemic disease outcomes. This can be investigated
through interventional studies assessing clinical endpoints, such as
evaluating whether periodontal treatment improves a systemic con-
dition, or through Mendelian randomization, a genetic approach used
to strengthen causal inference.

Each level allows progressively stronger inferences, but evidence
at a given level does not necessarily establish the preceding levels. Ac-
cordingly, evidence supporting a particular periodontal-systemic as-
sociation may be distributed across nonconsecutive levels. In the rep-
resentative evidence reviewed, the qualitative assessment revealed
substantial heterogeneity across these levels (Figure 6). Evidence for
detection was extensive, with numerous studies identifying microbi-
al DNA, proteins, or virulence factors in distant tissues. Evidence for
biological activity was also extensive, supported by functional assays
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demonstrating alterations in cellular signaling, immune responses, or
tissue function. In contrast, evidence for periodontal source attribu-
tion was scarce, as few studies performed strain-level comparisons
between periodontal pockets and distant tissues within the same in-
dividual using paired samples. Evidence for viability or cargo integrity
was limited, with relatively few studies demonstrating viable micro-
organisms through culture or viability assays, or confirming the integ-

rity of extracellular vesicles. Evidence for causality was also scarce, as
only a limited number of associations have been investigated through
interventional studies or Mendelian randomization. Overall, the liter-
ature frequently documents the presence of microbial material and
its potential biological activity, but rarely establishes its periodontal
origin or whether modifying periodontal exposure alters systemic
disease outcomes.

, d Causality
‘ — Biological activity Shows:
Ditecting Source attribution Shows: Modifying %ericdontal
sh . Shows: Shows: Altered signalling or exposure changes
1OV 5 Match between periodontal Intact, metabolically tissue function the systemic outcome
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Figure 6: Framework of five levels of evidence, from detection to causality, in periodontal-systemic research, with the main methods and the

relative amount of available evidence at each level.

Discussion

The literature on periodontitis and systemic diseases has expand-
ed rapidly over the past two decades. However, increasing publication
output does not necessarily indicate a corresponding improvement
in mechanistic understanding. Diabetes mellitus and cardiovascular
disease accounted for the largest number of publications, yet only a
small proportion of these documents explicitly mentioned a biolog-
ical route of dissemination. This contrast should be interpreted cau-
tiously, as a term-based search strategy may underestimate studies
describing mechanistic processes using different terminology. Never-
theless, these findings suggest that much of the literature remains fo-
cused on establishing associations, whereas the biological pathways
underlying these connections are less frequently addressed. The
thematic shift toward the oral microbiome, periodontal pathogens,
and biomarkers indicates a growing interest in mechanistic research,
although this development has not yet translated into an equally
detailed characterization of the pathways involved in periodontal-
systemic communication. Systemic inflammation remains the most
frequently proposed mechanism. Periodontitis has been associated
with elevated circulating inflammatory markers, and periodontal
treatment can reduce some of these markers, particularly CRP [9,10].

These findings are consistent with recent reviews describing peri-
odontal inflammation as a contributing factor to other inflammatory
diseases [3,7].

The clinical trial by Tonetti, et al. [32] provides some of the
strongest human evidence: following a transient increase in sys-
temic inflammation immediately after intensive periodontal treat-
ment, endothelial function improved during follow-up. Nevertheless,
these findings concern inflammatory biomarkers and intermediate
vascular measures rather than clinical outcomes such as myocardi-
al infarction or mortality. An additional conceptual limitation is that
chronic low-grade inflammation is also present in obesity, smoking,
aging, and many of the systemic diseases examined, which share risk
factors with periodontitis. A mechanism capable of explaining nearly
every association provides limited specificity in distinguishing among
them. Its high frequency in the bibliometric corpus likely reflects both
genuine biological relevance and its widespread use as a general ex-
planatory mechanism. The direct trafficking hypothesis clearly illus-
trates why different levels of evidence must be distinguished. Peri-
odontal pathogen DNA has been detected in atherosclerotic plaques
[50], viable microorganisms have been isolated from atherosclerotic
tissue [51], and gingipains have been identified in brain tissue [42].
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These findings are relevant but do not provide equivalent levels
of mechanistic evidence. Detecting microbial DNA does not establish
that the microorganism was viable; demonstrating viability does not
prove that it caused tissue damage; and identifying an oral bacterial
species in a distant tissue does not establish its origin in a periodontal
pocket, given the diversity of microbial niches within the oral cavi-
ty. An additional technical challenge arises from the susceptibility of
low-biomass tissues, such as the vascular wall, placenta, and brain,
to contamination introduced through laboratory reagents and sample
processing [52]. Consequently, microbial detection in these tissues re-
quires rigorous contamination controls. Figure 6 summarizes these
distinctions by separating detection, periodontal source attribution,
viability, biological activity, and causality as distinct levels of mecha-
nistic demonstration.

Cancer, the third most frequently investigated systemic condition,
illustrates the distinction between oral and periodontal origin. F nu-
cleatum has been consistently detected in colorectal tumors, where
it has been linked to activation of the (-catenin signaling pathway
through the FadA adhesin and to mechanisms of immune evasion [33-
35]. These studies provide evidence of biological activity, one of the
more advanced levels of mechanistic characterization, and support
the involvement of oral microorganisms in the tumor microenviron-
ment. However, they do not demonstrate that the bacteria originated
from periodontal pockets. E nucleatum is a common member of the
oral microbiota and is not exclusively associated with periodontal dis-
ease. Thus, cancer illustrates how advanced functional characteriza-
tion can coexist with limited evidence of periodontal source attribu-
tion, precisely the distinction that the proposed evidence framework
is intended to clarify. Central immune reprogramming and adaptive
immune trafficking provide potential explanations for a question that
other pathways do not fully address: how a localized periodontal
lesion may induce persistent systemic effects without requiring the
continuous presence of microorganisms in affected tissues. Li, et al.
[11] demonstrated in mice that periodontal inflammation can induce
IL-1-dependent reprogramming of HSPCs, sustain the production of
proinflammatory myeloid cells, and transfer this phenotype through
bone marrow transplantation.

Similarly, Kitamoto, et al. [48] demonstrated that Th17 cells gen-
erated in response to oral pathobionts can acquire intestinal homing
properties and contribute to intestinal inflammation when these mi-
croorganisms colonize the gut. Both lines of evidence rely predom-
inantly on murine models, in which experimentally induced peri-
odontitis does not fully reproduce the decades-long progression of
human disease. Nevertheless, these mechanisms offer something that
generalized inflammatory explanations often lack: experimentally
testable predictions. If central immune reprogramming occurs in hu-
mans, corresponding alterations should be detectable in HSPCs from
patients with periodontitis and should be at least partially modifiable
following periodontal treatment.

Publication volume does not necessarily reflect the maturity of
the underlying evidence. Inflammatory bowel disease and neurode-
generative disorders have attracted substantial recent research inter-
estand are associated with compelling experimental mechanisms, yet
the supporting evidence remains predominantly preclinical. Adverse
pregnancy outcomes provide an important cautionary example: de-
cades of epidemiological associations, inflammatory plausibility, and
multiple clinical trials have not demonstrated a consistent reduction
in preterm birth following periodontal treatment [53]. In diabetes,
periodontal treatment has been associated with modest short-term
reductions in glycated hemoglobin (HbA1c), but evidence regarding
long-term clinical outcomes remains limited [54]. These findings do
not argue against periodontal-systemic connections. Rather, they
highlight an important methodological consideration: mechanistic
plausibility does not guarantee clinical benefit, and emerging re-
search areas may encounter similar limitations unless subjected to
equally rigorous evaluation. From a clinical perspective, these find-
ings indicate that periodontal treatment is fully justified by its estab-
lished benefits for oral health, whereas potential systemic benefits
should be communicated as plausible and, where demonstrated, gen-
erally modest rather than as guaranteed prevention or treatment of
systemic disease. Given that much of the available evidence establish-
es either microbial detection or biological activity, claiming a causal
relationship with a specific distant organ would exceed what the cur-
rent data can support.

Accordingly, a second generation of studies should focus less
on identifying additional associations and more on testing specific
causal pathways. Studies investigating microbial trafficking should
establish periodontal source attribution through paired sampling,
strain-level resolution, and rigorous contamination controls. The de-
tection of bacterial material should be systematically distinguished
from microbial viability and biological activity. Mechanisms demon-
strated in animal models, such as hematopoietic reprogramming and
immune cell trafficking, should be investigated in humans through
longitudinal studies addressing temporality, specificity, and revers-
ibility following periodontal disease control. Finally, interventional
trials should distinguish changes in intermediate biomarkers from
changes in clinically meaningful outcomes and should report negative
findings as well.

This study should be interpreted in light of several limitations.
The corpus was retrieved exclusively from Scopus and restricted to
English-language articles and reviews; therefore, it does not repre-
sent the entire available literature. The search strategy required
explicit terminology related to systemic connections and may have
excluded mechanistic studies using alternative terms. Consequently,
the low frequencies observed for certain biological routes should be
regarded as conservative estimates of their explicit representation in
the retrieved literature. Classification using controlled dictionaries
cannot fully capture semantic context, and co-occurrence within the
same document does not establish a biological relationship, direc-
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tionality, or causality. Cumulative citation counts were not normalized
by publication age, and 2026 represented an incomplete publication
year, potentially affecting temporal and citation analyses. Finally, the
narrative synthesis and conceptual models were interpretative rather
than exhaustive. They were developed without a formal risk-of-bias
assessment and reflect a targeted selection of representative evi-
dence.

Collectively, these findings support a shift in research emphasis.
Periodontal-systemic connections are unlikely to be explained by
a single route or mechanism; instead, they appear to involve over-
lapping biological processes whose relative contributions may vary
across diseases and individual patients. The central challenge is no
longer to expand the list of conditions associated with periodonti-
tis, but to narrow the gap between epidemiological association and
mechanistic demonstration. Addressing this challenge requires dis-
tinguishing evidence of detection, periodontal source attribution, vi-
ability, biological activity, and ultimately causality, without assuming
that these levels must necessarily be established in a fixed sequence.
The relevant question is not merely whether periodontitis is associ-
ated with a systemic disease, but which periodontal-derived signal
produces which biological effect, through which route, under what
biological conditions, and with what level of supporting evidence.

Conclusion

This bibliometric analysis of the Scopus-indexed literature shows
that research on periodontal-systemic connections has centered on
inflammation, microbiome/dysbiosis, immunity, and LPS-mediated
virulence, whereas oxidative stress and extracellular vesicles remain
comparatively less represented. Despite this breadth, the pathways
linking the periodontal lesion with distant organs are rarely ad-
dressed explicitly: a biological route was named in at most 6.4% of
the analyzed documents. The representative evidence reviewed is ex-
tensive for the detection of microbial components in distant tissues
and for their biological activity, but scarce or limited for periodontal
source attribution, microbial viability or cargo integrity, and causality.
Of the four proposed modes of communication, only systemic inflam-
matory signaling is supported by human interventional studies. Fu-
ture progress therefore depends less on identifying additional associ-
ations than on generating better-designed evidence, including paired
sampling with strain-level concordance, viability assays, functional
studies, and intervention trials.
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