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Abstract

Periodontitis and cardiovascular disease share inflammatory, immune, endothelial, oxida-
tive, and lipid-related pathways. Although sex-related differences are well established
for many cardiovascular biomarkers, it remains unclear whether sex modifies biomarker
patterns at the intersection of periodontal and cardiovascular disease. PubMed, Scopus,
and Web of Science were searched in accordance with PRISMA 2020. Eligible adult human
studies evaluated periodontitis or periodontal inflammation together with atherosclerotic
or related cardiovascular phenotypes and reported candidate biomarkers in blood or, as
supportive evidence, oral fluids. High-throughput omics studies were eligible when avail-
able. Data on study design, periodontal and cardiovascular assessment, biological matrix,
biomarker findings, sex-stratified analyses, and menopausal status were extracted. Twelve
studies were included. Most assessed single biomarkers or small predefined panels rather
than discovery-scale omics. Reported markers involved inflammation and immunity (CRP,
hs-CRP, IL-6, LPS, and periodontal antibodies), endothelial or vascular injury, lipid and
autoimmune pathways (PCSK9 and anti-ApoA-1 IgG), innate-immune and metabolic regu-
lation (MBL and SIRT1), cardiac stress, and oxidative stress. Findings were heterogeneous
across cardiovascular phenotypes, and several key associations were null or imprecise.
Only two studies performed direct male-female comparisons: one enrolled women only,
and none stratified women by menopausal status. No study derived and validated a
sex-specific omics signature. The literature identifies overlapping candidate-biomarker
pathways but does not establish a causal, clinically validated, sex-specific, or menopause-
specific signature of periodontitis-associated cardiovascular disease. The current evidence
should be considered hypothesis-generating.
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1. Introduction

Cardiovascular diseases remain the leading cause of mortality worldwide and are
responsible for a substantial global clinical and economic burden. According to the World
Health Organization, cardiovascular diseases caused an estimated 19.8 million deaths in
2022, accounting for approximately 32% of all global deaths, with most deaths attributable
to myocardial infarction and stroke. Atherosclerosis represents the major pathological
substrate underlying many cardiovascular events and is now recognized as a chronic
inflammatory disease involving endothelial dysfunction, lipid accumulation, immune-cell
activation, oxidative stress and vascular remodeling [1-5].

Periodontitis is a highly prevalent chronic inflammatory disease characterized
by a dysbiotic microbial biofilm, destruction of periodontal tissues and systemic in-
flammatory consequences. In recent years, increasing attention has been directed to-
ward the relationship between periodontitis and cardiovascular disease. The consen-
sus report of the European Federation of Periodontology and the World Heart Federa-
tion highlighted a significant body of evidence supporting an independent association
between severe periodontitis and cardiovascular diseases, particularly atherosclerotic
cardiovascular disease [6-10].

Several biological mechanisms may explain the link between periodontal inflamma-
tion and atherosclerosis. Periodontal pathogens and their virulence factors may enter
the bloodstream, promoting systemic inflammation, endothelial activation and immune
dysregulation. In parallel, increased circulating levels of inflammatory mediators, oxidative
stress markers and matrix remodeling enzymes may contribute to vascular injury and
plaque instability. Candidate biomarkers involved in this oral-vascular inflammatory axis
include C-reactive protein, interleukin-6, tumor necrosis factor-alpha, myeloperoxidase,
matrix metalloproteinases and lipid-related mediators [11-14].

Despite the biological plausibility of the oral-vascular link, the molecular evidence
remains fragmented. A distinction is required between candidate-biomarker studies and
high-throughput omics. Candidate-biomarker studies quantify one or a limited number
of predefined analytes using targeted immunoassays or related laboratory methods. By
contrast, high-throughput proteomics, transcriptomics, metabolomics, and integrated
multi-omics are discovery-oriented approaches that profile broad molecular systems. Most
studies available at the intersection of periodontitis and cardiovascular disease belong to
the first category rather than the second [15-18].

Sex is a biologically relevant variable in cardiovascular research. In the Framingham
Heart Study, 61 of 71 circulating cardiovascular biomarkers differed between men and
women, and several differences were attenuated after menopause [19-23]. However,
evidence of sex-related differences in general cardiovascular biomarker concentrations does
not establish that sex modifies the association between periodontitis and cardiovascular
disease [24-27]. A meta-analysis of periodontal disease and cardiovascular outcomes found
significant associations in both men and women but no statistically significant difference
between the sexes; the certainty of this evidence was very low [28-36].

These observations address different levels of inference and are therefore not contradic-
tory. Baseline biomarker concentrations may differ by sex because of hormonal, metabolic,
body-composition, or vascular factors, while the additional contribution of periodontal in-
flammation may be similar in men and women. A periodontitis-specific sex effect can only
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be demonstrated through adequately powered interaction analyses or sex-stratified longi-
tudinal studies that use harmonized periodontal definitions, standardized cardiovascular
phenotyping, and comparable biomarker assays [37-41].

Menopausal status may further modify inflammatory, lipid, endothelial, and immune
pathways. Nevertheless, menopause cannot be inferred from age alone and should be
recorded directly. The available studies rarely reported reproductive variables and did not
provide a consistent comparison among men, premenopausal women, and postmenopausal
women. Consequently, menopause-related biomarker differences remain a research gap
rather than an evidence-supported finding [42—47].

Accordingly, this systematic review aimed to map candidate biomarkers reported at
the intersection of periodontitis and atherosclerotic or related cardiovascular phenotypes
and to determine whether the available evidence supports sex- or menopause-specific
biomarker differences [48-53]. High-throughput omics evidence was sought when avail-
able, but it was not assumed to be present.

2. Methods

This systematic review was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines and was registered in the
International Prospective Register of Systematic Reviews (PROSPERO) under registration
number CRD420261420329.

2.1. Eligibility Criteria
The PECOS framework was used to define the eligibility criteria based on the following
research question:

“In adults with periodontitis or periodontal inflammation and atherosclerotic
or related cardiovascular phenotypes, which circulating or oral-fluid candidate
biomarkers have been evaluated, and to what extent does the available evidence
support differences by sex or menopausal status?”

The PECOS model was structured as follows:

e (P) Population: Adults with established atherosclerotic cardiovascular disease, sub-
clinical atherosclerosis, or related cardiovascular or vascular phenotypes.

e (E) Exposure: Periodontitis, periodontal inflammation, periodontal pathogens, or
periodontal treatment, as defined by the individual study.

e (C) Comparison: Participants without periodontitis, with a lower periodontal in-
flammatory burden, receiving a control periodontal intervention, or belonging
to a comparator cardiovascular group; sex-based comparisons were extracted
when available.

e (O) Outcomes: Candidate biomarkers measured in blood, serum, plasma, periph-
eral blood cells, saliva, or gingival crevicular fluid; vascular imaging or functional
outcomes when directly linked to biomarker assessment; sex-stratified findings and
menopausal status as secondary outcomes. Genuine high-throughput proteomic,
transcriptomic, metabolomic, or multi-omics data were eligible when available.

e (S) Study design: Human observational studies and randomized or non-randomized
clinical studies with sufficient methodological detail. Reviews, purely in vitro studies,
animal studies, and unvalidated bioinformatic hypothesis-generating analyses were
excluded from the primary synthesis.

2.2. Inclusion Criteria

This review included observational cross-sectional, retrospective, prospective, cohort,
case—control, clinical, omics-based and validated bioinformatic studies involving adult
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human subjects. Eligible studies investigated the association between periodontitis or peri-
odontal inflammation and atherosclerosis, cardiovascular disease, atherosclerotic plaque or
atherosclerotic risk phenotypes. No restrictions were imposed with regard to sex, ethnicity
or geographical area. The availability of sex-specific data was not required for study in-
clusion. Sex distribution, sex-stratified analyses, single-sex populations, and menopausal
status were recorded when reported.

The reviewers evaluated all relevant papers according to the following inclusion criteria:

1. Human subject studies involving adults;
Full-text articles published in English;

3.  Studies evaluating periodontitis, periodontal inflammation or periodontal pathogens
in association with established atherosclerotic cardiovascular disease, subclinical
atherosclerosis, vascular imaging markers, endothelial dysfunction or vascular risk
phenotypes potentially related to atherosclerotic burden;

4. Studies reporting at least one eligible circulating or oral-fluid candidate biomarker, or a
high-throughput omics profile, in relation to periodontal and cardiovascular phenotypes.

5. Studies analyzing blood, plasma, serum, peripheral blood cells, saliva, gingival crevic-
ular fluid, or vascular tissue when the biological matrix was directly relevant to the
periodontal-cardiovascular question.

6. Sex distribution, sex-stratified results, and menopausal status were extracted when
available; their absence did not constitute an exclusion criterion because the sufficiency
of sex-specific evidence was itself an outcome of the review.

7. Studies published between 1 January 2013 and 1 May 2026.

2.3. Exclusion Criteria
Studies were excluded if they met any of the following criteria:

Articles written in languages other than English;
Studies not involving human subjects;

Studies conducted exclusively in animals or in vitro;
Studies involving paediatric or adolescent populations;

NN SERC I A

Off-topic studies not addressing periodontitis, periodontal inflammation, atherosclero-

sis, cardiovascular disease or related atherosclerotic risk phenotypes;

6. Reviews, narrative reviews, letters to the editor, comments, editorials, expert opin-
ions and conference abstracts without sufficient methodological details. Systematic
reviews and meta-analyses were not included in the main evidence synthesis but were
used to support the background, contextual interpretation and manual screening of
reference lists.

7. Studies with ineligible outcome measures, ineligible populations or insufficient in-
formation regarding study design, biological samples, biomarker assessment or
outcome definition;

8.  Retracted studies or studies with formal expressions of concern.

2.4. Search Strategy

A systematic literature search was conducted in PubMed, Scopus and Web of Science
to identify relevant English-language studies published between 1 January 2013 and 1 May
2026. The search was designed to retrieve articles investigating the relationship between
periodontal disease, atherosclerotic or related cardiovascular phenotypes and candidate
biomarkers or high-throughput omics approaches.

The search strategy combined three main concept blocks: periodontal disease,
atherosclerotic cardiovascular disease or related vascular phenotypes and candidate
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biomarkers or high-throughput omics approaches. The following core Boolean search
string was used and adapted to the syntax of each database:

(periodontitis OR “periodontal disease” OR “periodontal inflammation” OR “peri-
odontal infection” OR “periodontal pathogens” OR “Porphyromonas gingivalis” OR “Aggre-
gatibacter actinomycetemcomitans” OR “clinical attachment loss” OR “bleeding on probing”)
AND (atherosclerosis OR “atherosclerotic plaque” OR “cardiovascular disease” OR “coro-
nary artery disease” OR “myocardial infarction” OR stroke OR “ischemic stroke” OR
“carotid intima-media thickness” OR “carotid plaque” OR “endothelial dysfunction” OR
hypertension OR prehypertension OR “vascular inflammation”) AND (biomarker OR
biomarkers OR “blood biomarker” OR “serum biomarker” OR “plasma biomarker” OR
“inflammatory marker” OR “immune marker” OR “endothelial marker” OR omics OR
proteomic OR proteomics OR proteome OR immunoproteomic OR immunoproteomics
OR transcriptomic OR transcriptomics OR transcriptome OR “gene expression” OR “RNA
sequencing” OR “multi-omics” OR “targeted proteomics”).

Terms related to sex, gender and menopausal status were not included in the primary
search string because sex-specific evidence was evaluated as a secondary objective and
its absence was considered an informative finding. During full-text screening and data
extraction, the reviewers recorded whether each study reported sex distribution, direct
sex-stratified estimates, formal interaction analyses, single-sex data, and menopausal
status. After duplicate removal, titles and abstracts were independently screened by
the reviewers. Potentially eligible articles were then retrieved in full text and assessed
according to the predefined inclusion and exclusion criteria. In addition, the reference lists
of included studies and relevant systematic reviews were manually screened to identify
further eligible articles.

The complete database-specific search strategies, including the search fields used for
each database, are reported in Table 1.

2.5. Study Selection

The study selection process was carried out in two phases. In the first phase, two
reviewers (FI. and A.P.) independently screened the titles and abstracts of all retrieved
records to identify potentially eligible studies. Articles that clearly did not meet the
inclusion criteria were excluded. In the second phase, the same reviewers (F.I. and A.P)
independently assessed the full texts of the preselected articles to determine final eligibility.

Any disagreements between the two reviewers were resolved through discussion. If
consensus could not be reached, a third reviewer (A.M.1.) was consulted to make the final
decision. Before the screening process, the reviewers were calibrated to ensure consistency
and improve inter-reviewer agreement.

2.6. Data Extraction

Two reviewers (EIL and A.M.L) independently extracted data from the included studies.
Any discrepancies were resolved through discussion; when consensus could not be reached,
a third reviewer (A.P.) was consulted.

The following information was extracted using a standardized form: study design
and setting; sample characteristics; periodontal definition and assessment method; car-
diovascular phenotype and assessment; biological matrix; assay or analytical platform;
individual biomarkers and direction of findings; adjusted and unadjusted estimates; pre-
specified confounders; null results; sex distribution; direct sex-stratified estimates; formal
sex-by-periodontitis interaction analyses; menopausal and reproductive information; and
study limitations. Candidate-biomarker studies were distinguished from genuine high-
throughput omics studies according to the breadth and discovery-oriented nature of the
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analytical platform. When essential data were missing or insufficient to assess eligibility or
outcomes, the study was excluded from the final qualitative synthesis.

Table 1. Database-specific search strategies.

Database Search Field Search Strategy

(“periodontitis” OR “periodontal disease” OR “periodontal
inflammation” OR “periodontal infection” OR “periodontal
pathogens” OR “Porphyromonas gingivalis” OR “Aggregatibacter
actinomycetemcomitans” OR “clinical attachment loss” OR “bleeding on
probing”) AND (“atherosclerosis” OR “atherosclerotic plaque” OR
“cardiovascular disease” OR “coronary artery disease” OR
“myocardial infarction” OR “stroke” OR “ischemic stroke” OR “carotid

Title/ Abstract/ intim-a—n}edia /tlhickness” .OR””carcitid plaque” QR “Sndotl%lelial
MeSH-compatible terms dy§funct10n .OR hypertenglon OR prehypertensmn OR “vascular
inflammation”) AND (“biomarker” OR “biomarkers” OR “blood
biomarker” OR “serum biomarker” OR “plasma biomarker” OR
“inflammatory marker” OR “immune marker” OR “endothelial
marker” OR “omics” OR “proteomic” OR “proteomics” OR
“proteome” OR “immunoproteomic” OR “immunoproteomics” OR
“transcriptomic” OR “transcriptomics” OR “transcriptome” OR “gene
expression” OR “RNA sequencing” OR “multi-omics” OR “targeted
proteomics”)

TITLE-ABS-KEY (periodontitis OR “periodontal disease” OR
“periodontal inflammation” OR “periodontal infection” OR
“periodontal pathogens” OR “Porphyromonas gingivalis” OR

" Aggregatibacter actinomycetemcomitans” OR “clinical attachment loss”
OR “bleeding on probing”) AND TITLE-ABS-KEY (atherosclerosis OR
“atherosclerotic plaque” OR “cardiovascular disease” OR “coronary
artery disease” OR “myocardial infarction” OR stroke OR “ischemic
stroke” OR “carotid intima-media thickness” OR “carotid plaque” OR

Scopus TITLE-ABS-KEY “endothelial dysfunction” OR hypertension OR prehypertension OR
“vascular inflammation”) AND TITLE-ABS-KEY (biomarker OR
biomarkers OR “blood biomarker” OR “serum biomarker” OR
“plasma biomarker” OR “inflammatory marker” OR “immune marker’
OR “endothelial marker” OR omics OR proteomic OR proteomics OR
proteome OR immunoproteomic OR immunoproteomics OR
transcriptomic OR transcriptomics OR transcriptome OR “gene
expression” OR “RNA sequencing” OR “multi-omics” OR “targeted
proteomics”)

PubMed

7

TS = (periodontitis OR “periodontal disease” OR “periodontal
inflammation” OR “periodontal infection” OR “periodontal
pathogens” OR “Porphyromonas gingivalis” OR “Aggregatibacter
actinomycetemcomitans” OR “clinical attachment loss” OR “bleeding on
probing”) AND TS = (atherosclerosis OR “atherosclerotic plaque” OR
“cardiovascular disease” OR “coronary artery disease” OR
“myocardial infarction” OR stroke OR “ischemic stroke” OR “carotid
intima-media thickness” OR “carotid plaque” OR “endothelial
dysfunction” OR hypertension OR prehypertension OR “vascular
inflammation”) AND TS = (biomarker OR biomarkers OR “blood
biomarker” OR “serum biomarker” OR “plasma biomarker” OR
“inflammatory marker” OR “immune marker” OR “endothelial
marker” OR omics OR proteomic OR proteomics OR proteome OR
immunoproteomic OR immunoproteomics OR transcriptomic OR
transcriptomics OR transcriptome OR “gene expression” OR “RNA
sequencing” OR “multi-omics” OR “targeted proteomics”).

Web of

Science Topic field (TS)
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2.7. Quality Assessment

Two reviewers (FI. and A.M.I.) independently assessed the risk of bias for the result
from each included study that was most directly relevant to the review question. Before
the assessment, the relevant exposure—outcome result was identified for each study to
ensure that the judgments referred to a specific estimate rather than generically to the
entire publication.

Observational studies, including cohort, cross-sectional, case—control, post hoc, and
subgroup analyses, were evaluated using the Risk Of Bias In Non-randomized Studies of
Exposures (ROBINS-E) tool. The assessment considered seven domains: bias due to con-
founding; bias arising from measurement of the exposure; bias in selection of participants
into the study or analysis; bias due to post-exposure interventions; bias due to missing data;
bias arising from measurement of the outcome; and bias in selection of the reported result.
For cross-sectional, case—control, post hoc, and subgroup analyses, particular attention was
given to temporality, participant selection, control of shared periodontal and cardiovascular
confounders, and the possibility of selective reporting.

Randomized clinical trials were assessed using the Cochrane Risk of Bias 2 tool (RoB 2).
The assessment considered five domains: bias arising from the randomization process; bias
due to deviations from intended interventions; bias due to missing outcome data; bias in
measurement of the outcome; and bias in selection of the reported result.

Domain-level and overall judgments were recorded separately according to study
design and are summarized in Table 2, with Panel A reporting the ROBINS-E assessment
and Panel B reporting the RoB 2 assessment. Any disagreements between the two reviewers
were resolved through discussion; when consensus could not be reached, a third reviewer
(A.P.) was consulted.

Table 2. Risk-of-bias assessment of the included studies according to study design. Panel A: observa-
tional studies assessed using ROBINS-E; Panel B: randomized trials assessed using RoB 2.

Panel A—ROBINS-E

Authors

D7 Overall

w/
—
v/
=
g
6) ]

Caribé et al. (2020) [52]

Da Venezia et al. (2021) [53]

Latorre Uriza et al. (2024) [54]

Molinsky et al. (2022) [55]

Qi et al. (2020) [56]

Rathnayake et al. (2022) [57]

Rughwani et al. (2022) [58]

Salhi et al. (2022) [59]

Stanescu et al. (2020) [60]

Wick et al. (2013) [61]

©000e 0o
00S0SSO®S S~
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©000OOOS 6 S
O K X K K K K K
©®0®00e OO e e-
© 000000000
© 000000000

https://doi.org/10.3390/ijms27146495


https://doi.org/10.3390/ijms27146495

Int. J. Mol. Sci. 2026, 27, 6495

8 of 23

Table 2. Cont.

Panel B—RoB 2

Authors

D1 D2 D3 D4 D5 Overall

Molina et al. (2025) [62]

© ® o0 @& O

Zhou et al. (2017) [63]

©
© ® o0 @ O ©)

Domains:

D1: Bias due to confounding.

D2: Bias arising from measurement of the exposure.
D3: Bias in selection of participants into the study
(or into the analysis).

@ Some Concems
D4: Bias due to post-exposure interventions.
D5: Bias due to missing data.

. Low

Dé6: Bias arising from measurement of the outcome.

Risk-of-bias findings were incorporated into the qualitative synthesis. Findings from
studies with greater concerns regarding confounding, participant selection, missing data,
or selective reporting were interpreted more cautiously and were considered exploratory
rather than confirmatory. Limited sample size was not treated as a risk-of-bias domain in
itself but was considered a source of imprecision and reduced certainty when interpreting
the overall evidence.

3. Results
3.1. Study Selection and Characteristics

Figure 1 shows the PRISMA flow diagram of the study selection process. The diagram
reports the number of records identified, screened, excluded and finally included in the
qualitative synthesis according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines. A total of 966 records were identified through
database searching: PubMed (n = 345), Web of Science (n = 530) and Scopus (n = 91). After
removal of 275 duplicate records, 691 records remained for title and abstract screening. Of
these, 593 records were excluded because they were reviews, animal studies, in vitro studies
or clearly outside the scope of the review. A total of 98 full-text reports were assessed
for eligibility. Eighty-six reports were excluded because they did not meet the predefined
inclusion criteria, mainly due to off-topic populations, outcomes or biomarker assessments.
Finally, 12 studies were included in the qualitative synthesis. The study selection process is
summarized in Figure 1.

The main characteristics, cardiovascular phenotypes, biomarker assessments and sex-
specific information of the included studies are summarized in Table 3. Because the eligible
studies included heterogeneous cardiovascular phenotypes, they were grouped according
to the main cardiovascular or vascular condition investigated: established atherosclerotic
cardiovascular disease, including coronary artery disease, myocardial infarction and is-
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chemic stroke; subclinical atherosclerosis or vascular imaging markers, including carotid
intima-media thickness and carotid plaque; vascular risk phenotypes, including hyperten-
sion and prehypertension; other vascular inflammatory conditions potentially related to
atherosclerotic burden, including abdominal aortic aneurysm. This classification was used
to support the qualitative interpretation of the evidence and to avoid pooling biologically
and clinically heterogeneous outcomes.

Table 3. Study characteristics, biomarker assessment and sex-specific information of included studies.

Periodontal Biological Sex and
Stud Study Design Cardiovascular Assessment/ Matrix and Main Findings and Menopause-
y and Sample Phenotype Biomarker Interpretive Caveats Related
Exposure .
Assessment Information
Prospective Clinical Periodontal treatment was Sex distribution
Caribé case—control periodontal associated with lower MBL reported; no
study; 78 patients assessment and CRP levels and higher sex-stratified
etal. ith and with Coronary artery d Serum SIRT1 SIRT1 levels. Th bi K
(2020) with and without disense an and MBL evels. The iomarker
eriodontitis and nonsurgical non-randomized design and estimates;
[52] p & g
coronary artery periodontal selected clinical sample limit menopausal status
disease treatment causal interpretation. not reported
Periodontal diagnosis was not
Serum and independently associated with
Da Cross-sectional Periodontal gingival serum hs-CRP-based Women-only study;
Venezia study; 112 adult Cardiovascular diagnosis and  crevicular fluid; cardiovascular risk after no male comparator
etal. women with risk in women local hs-CRP and adjustment; BMI was the and no stratification
(2021) periodontal inflammatory gingival principal determinant of the according to
[53] conditions burden crevicular fluid ~ serum risk category. Gingival menopausal status
CRP crevicular fluid CRP mainly
reflected local inflammation.
The adjusted association .
. " Direct male—female
. between periodontitis and -
Latorre Subclinical Blood-based CIMT (carotid intima-media comparisons
. . atherosclerosis . inflammatory . - reported; no
Uriza Cross-sectional . Clinical . thickness) was not statistically . -
; assessed using . biomarkers and e . . periodontitis-
etal. study; 75 . periodontal . significant and was imprecise. P .
. carotid Carotid . specific interaction
(2024) participants A . status - . Men had higher left cIMT and .
intima-media intima-media . analysis;
[54] . . higher IL-8 and TNF-« levels,
thickness thickness . o, menopausal status
but a sex-by-periodontitis
. . not reported.
interaction was not tested.
Randomized pilot Periodontal outcomes
clinical trial; 35 . Serum; FMD, . Sex distribution
Molina patients with Established IMT and improved after therapy, but no reported; no
cardiovascular . significant between-group O
etal. stage III/IV . Periodontal selected . sex-stratified
. L disease and . differences were observed for
(2025) periodontitis and therapy inflammatory ) treatment effect;
. vascular FMD or cIMT. The pilot study
[62] established . and vascular menopausal status
: dysfunction . was underpowered for
cardiovascular biomarkers . not reported.
disease vascular endpoints.
Poor periodontal status was Sex included in
Prospective associated with incident heart  adjusted models; no
Molinsky cohorpt studv: Incident heart Periodontal failure and unfavorable CRP sex-stratified
et al. tudy; failure and Blood; CRP and and NT-proBNP trajectories. eriodontal
6.707 participants status and p ) P
(2022) .frompthe A}I){IC cardiovascular edentulism NT-proBNP Heart failure represents a biomarker
[55] cohort risk broader cardiovascular signature;
phenotype rather than a direct menopausal status
measure of atherosclerosis. not reported.
Serum Periodontal IgG antibody
. clusters were associated with Sex included in
immune . . .
respOnse Serum; IgG mortality outcomes in an adjustment; no
Qietal Prospective Cardiovascular rgﬁles antibodies observational analysis. sex-stratified
(2020) cohort study; and all-cause l; ainst against Antibody levels represent antibody—-outcome
[56] 6.491 participants mortality er?o dontal periodontal mi-  exposure or immune-response estimates;
pe croorganisms proxies rather than menopausal status
microorgan- di 1 . ¢ ted
isms iscovery-scale omics not reported.

measurements.
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Periodontal Biological Sex and
Study Design Cardiovascular Matrix and Main Findings and Menopause-
Study Assessment/ . .
and Sample Phenotype Exposure Biomarker Interpretive Caveats Related
Assessment Information
Case—control Salivary PGLYRP1 was higher
subgroup Periodontal in patients with myocardial Adjusted for sex; no
Rathnayake . . . infarction even after i
analysis; 400 . inflammation . . . sex-stratified
etal. articipants from Myocardial and Saliva; adjustment. This represents PGLYRP1 estimates:
(0229 P Pthe infarction eriodontal PGLYRP1 oral-fluid rather than menopaLsa] statis.
[57] PAROKRANK P status blood-based evidence and noltjre orted
opulation derives from a subgroup P
pop case—control analysis.
Seumnd oy Pt
. . reported; no
Rughwani Case—control Atherosclerotic . Serum and . perlodont.al and sex-stratified
etal. . Periodontal ) cardiovascular disease groups. .
study; 76 cardiovascular . . saliva; PCSK9 biomarker
(2022) articioants disease inflammation and 11-6 The small case—control sample ostimates:
[58] P P and multiple comparisons menopausal séatus
limit reproducibility and notp reported
causal interpretation. P ’
Blood and oral
. .. samples; CRP, .CRP’ LPS, and Sex distribution
Post hoc Periodontitis- periodontal-pathogen
. - LPS and S . reported; no
Salhi et al. cross-sectional Abdominal aortic related antibodies antibodies were evaluated in a sex-stratified
(2022) study; 61 patients aneurvsm inflammatory acainst P selected vascular population. biomarker analvsis:
[59] with abdominal y and microbial in Eialis ana A The post hoc design provides menopausal stzzcus’
aortic aneurysm burden gacgnom cetem-' indirect, non-causal evidence noltjre orted
comitya s with limited generalizability. P
Men with ischemic stroke had . le—femal
more severe periodontal Direct ma etemate
< . comparison
Stanescu Pilot cohort study; Periodontal Blood; systemic destructlor} anFl aless reported; no formal
etal. . . . . M favorable oxidative-stress
93 patients with Ischemic stroke destruction oxidative- . . . sex-by-
(2020) . . profile. Behavioral risk factors . o
ischemic stroke parameters stress markers . periodontitis
[60] also differed by sex and may . .
have confounded the interaction and no
comparison menopausal data.
Anti-ApoA-1 IgG was more
frequent in patients with Sex distribution
Wick Cross-sectional . pe rlOdOl’}tltlS and was . reported; no
etal case—control Atherosclerotic Periodontitis Serum; associated with atherosclerotic sex-stratified
. anti-ApoA-1 burden, particularly in a . .
(2013) study; 176 burden status biomarker analysis;
- IeG younger subgroup. The
[61] participants . : menopausal status
cross-sectional design and not reported
subgroup analyses limit P ’
inference.
Intensive periodontal therapy
reduced blood pressure and Sex distribution
Zhou Randomized Blood-based endothelial microparticles reported: no
ot al controlled trial; 95  Prehypertension/ Intensive endothelial compared with control se)li)—stra ti/ﬁe d
, prehypertensive endothelial periodontal assessment and treatment. The vascular
(2017) ’ . . . treatment effect;
[63] patients with dysfunction therapy endothelial outcomes were surrogate menopausal status
) periodontitis microparticles endpoints, and sex-specific P

treatment effects were not
evaluated

not reported

Most included studies assessed one or a limited number of predefined candidate
biomarkers rather than broad high-throughput omics profiles. Only two studies, Latorre
Uriza et al. and Stanescu et al., reported direct comparisons between men and women. Da
Venezia et al. enrolled women only and therefore did not permit a between-sex compar-
ison. The remaining studies reported sex as a demographic characteristic or adjustment
variable without providing sex-stratified biomarker estimates. No included study analyzed
menopausal status. Accordingly, the evidence was synthesized as a map of overlapping
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candidate biomarkers and as an assessment of the absence, rather than the presence, of a

validated sex-specific signature.

Identification of studies via databases and registers

= Articles identified by
e electronic database search Records removed before
] strategy screening:
= PubMed (n= 345) Duplicate records removed
Z Scopus (n=91) (n=275)
2 Web of Science (n= 530)
- Tot. 966
l
Records excluded: review;
Recordi el animal, in vitro studies
(n=691) (n=59)
Reports sought for retrieval Reports not retrieved
= (n=98 (n=0)
=
; l
S
@
Reports assessed for eligibility
(n=98)
Reports excluded:
Off topic (n = 86)
3 Studies included in review
= (n=12)
o
=

Figure 1. PRISMA flow diagram of the study selection process.

3.2. Risk of Bias

The risk of bias across the included studies was evaluated using design-appropriate
tools and is summarized in Table 2, which is organized into two panels according to study
design: observational studies assessed using ROBINS-E and randomized trials assessed
using RoB 2.

Among the observational studies, the most frequent methodological concerns involved
residual confounding and the selection of participants into the study or analysis. These
concerns were particularly relevant in cross-sectional, case-control, post hoc, and pilot
investigations, in which adjustment for age, smoking, adiposity, medication use, socioe-
conomic factors, periodontal severity, and baseline cardiovascular risk was incomplete or
inconsistent. Exposure and outcome measurements were generally based on clinical peri-
odontal examinations, laboratory assays, or vascular imaging and were therefore judged
more favorably. Nevertheless, heterogeneous periodontal definitions and non-standardized
biomarker assays reduced comparability across studies. Concerns regarding selection of the
reported result were also considered when multiple biomarkers, subgroups, or assessment
time points were analyzed without a clearly prespecified analytical plan.

The randomized trials were judged as having some concerns overall. Objective labora-
tory and vascular outcomes reduced concerns regarding outcome measurement; however,
incomplete reporting of allocation procedures, possible deviations from the intended peri-
odontal interventions, missing outcome data, multiple endpoints, and selective emphasis
on within-group rather than between-group changes reduced confidence in the findings.
These methodological limitations were considered when interpreting the reported effects
of periodontal treatment on vascular and biomarker outcomes.

The risk-of-bias judgments were incorporated into the qualitative synthesis rather than
being considered separately from the scientific interpretation. Findings from studies with
greater concerns regarding confounding, participant selection, or selective reporting were
interpreted as exploratory and hypothesis-generating. No included study provided suffi-
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ciently robust evidence to establish a causal association or a clinically validated sex-specific
or menopause-specific biomarker signature. Limited sample size was not considered a
risk-of-bias domain in itself but was taken into account as a source of imprecision and
reduced certainty of the evidence.

3.3. Summary of Results

The included studies evaluated a heterogeneous set of candidate biomarkers across
established cardiovascular events, subclinical vascular measures, treatment-related vas-
cular outcomes, and broader cardiovascular phenotypes. Most studies measured one
analyte or a small predefined panel; none used a discovery-and-validation workflow
capable of establishing a comprehensive sex-specific proteomic, transcriptomic, or
multi-omics signature.

Inflammatory and immune markers were the most frequently studied. CRP or hs-CRP,
IL-6, LPS, periodontal-pathogen antibodies, MBL, and SIRT1 were evaluated in different
clinical settings. The direction and strength of findings were not uniform. For example,
Da Venezia et al. did not identify an independent association between periodontal diagno-
sis and serum hs-CRP-based cardiovascular risk after adjustment, whereas large cohort
analyses linked periodontal status or immune-response profiles with later cardiovascu-
lar outcomes. These studies differed substantially in population, periodontal definition,
endpoint, assay, and confounder control.

Endothelial, vascular, lipid-related, autoimmune, cardiac-stress, and oxidative-stress
markers provided additional but non-equivalent evidence. Zhou et al. reported reductions
in blood pressure and endothelial microparticles after intensive periodontal therapy. In
contrast, Molina et al. observed periodontal improvement without significant between-
group differences in FMD or cIMT, and Latorre Uriza et al. reported an imprecise, non-
significant adjusted association between periodontitis and cIMT. PCSK9, anti-ApoA-1
IgG, NT-proBNP, and oxidative-stress measures were potentially informative, but each
was supported by a limited number of studies and was not externally validated as a
periodontitis-specific cardiovascular biomarker.

Only Latorre Uriza et al. and Stanescu et al. directly compared men and women.
Their findings concerned selected vascular, inflammatory, periodontal, or oxidative-stress
variables and did not demonstrate a validated sex-by-periodontitis biomarker interaction.
Da Venezia et al. included women only and cannot support a between-sex inference. No
study stratified women by menopausal status. Therefore, the review identifies overlapping
candidate-biomarker domains but cannot answer the original question by defining a sex-
specific or menopause-specific blood-biomarker signature.

4. Discussion

This systematic review synthesized the available evidence on candidate biomarkers
linking periodontitis with atherosclerotic and related cardiovascular phenotypes, with
particular attention to sex-related findings [64-72]. Overall, the included studies suggest
that the periodontal-cardiovascular association may involve overlapping inflammatory,
immune, endothelial, oxidative, lipid-related, autoimmune, and metabolic pathways. How-
ever, the evidence derives predominantly from studies evaluating predefined candidate
biomarkers rather than genuine high-throughput proteomic, transcriptomic, metabolomic,
or multi-omics platforms [73-77]. The findings should therefore be interpreted as an
exploratory mapping of potentially relevant biological pathways rather than as the identifi-
cation of a validated molecular signature.

The cardiovascular phenotypes investigated were also heterogeneous and included
coronary artery disease, myocardial infarction, ischemic stroke, abdominal aortic aneurysm,
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heart failure, prehypertension, carotid intima-media thickness, and endothelial dysfunction.
Although these conditions share inflammatory and vascular mechanisms, they are not
clinically interchangeable. Biomarkers recurring across different phenotypes may therefore
indicate pathway-level overlap, but they cannot be regarded as disease-specific markers of
periodontitis-associated atherosclerosis.

4.1. Candidate-Biomarker Evidence and Cross-Phenotype Consistency

Inflammatory and pathogen-related immune markers were the most frequently inves-
tigated. Da Venezia et al. assessed serum high-sensitivity C-reactive protein and gingival
crevicular fluid CRP in women with different periodontal conditions [53]. Local CRP
reflected periodontal inflammatory burden, whereas the study did not establish an inde-
pendent association between periodontal status and serum hs-CRP after adjustment for
relevant variables. Molinsky et al., using the large ARIC cohort, associated periodontal
status and edentulism with incident heart failure and evaluated CRP and NT-proBNP [55].
These findings support a relationship between periodontal status, systemic inflammation,
and cardiac stress, although heart failure represents a broader cardiovascular phenotype
rather than direct evidence of atherosclerotic disease.

Qi et al. investigated circulating IgG antibodies against periodontal microorganisms
in relation to cardiovascular and all-cause mortality [56], whereas Salhi et al. evaluated
CRP, lipopolysaccharide, and antibodies against Porphyromonas gingivalis and Aggregatibac-
ter actinomycetemcomitans in patients with abdominal aortic aneurysm [59]. Both studies
suggest that pathogen-related immune responses may contribute to systemic vascular
inflammation. However, antibody concentrations do not demonstrate active infection or
causality, and the post hoc design and selected clinical population of Salhi et al. limit
generalizability. Rathnayake et al. identified higher salivary peptidoglycan recognition pro-
tein 1 levels in patients with myocardial infarction within the PAROKRANK population [57].
Although the association persisted after adjustment for several covariates, the subgroup
design and the use of saliva rather than blood limit its interpretation as a circulating
cardiovascular biomarker.

Rughwani et al. evaluated serum and salivary PCSK9 and IL-6 in patients with
periodontitis and atherosclerotic cardiovascular disease [58]. Their findings suggest a
possible convergence between periodontal inflammation and lipid-regulatory pathways,
but the case—control design could not fully separate the contributions of periodontal disease,
cardiovascular disease, medication use, and metabolic risk factors. Similarly, Caribé et al.
assessed SIRT1 and mannose-binding lectin in patients with and without periodontitis and
coronary artery disease [52]. Differences among clinical groups support the involvement
of innate immune and metabolic regulation, although the relatively small sample and
coexistence of periodontal and coronary conditions prevent attribution of the biomarker
changes specifically to periodontitis.

Autoimmune and oxidative mechanisms were addressed by Wick et al. and Stanescu
et al. Wick et al. reported a higher prevalence of anti-apolipoprotein A-1 IgG positivity
in patients with periodontitis and an association with atherosclerotic burden, particularly
among younger participants [61]. This result suggests a possible autoimmune link be-
tween periodontal inflammation and lipid-related vascular damage, but its cross-sectional
design and subgroup analyses require cautious interpretation. Stanescu et al. evaluated
patients with ischemic stroke and identified relationships among periodontal destruc-
tion, behavioral risk factors, systemic oxidative imbalance, and sex [60]. The findings
support oxidative stress as a shared pathway, although the pilot design and absence of a
non-stroke comparison group limit conclusions regarding the independent contribution
of periodontitis.
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Endothelial and vascular outcomes were examined in one observational study and
two periodontal-treatment trials. Latorre Uriza et al. evaluated periodontal status, inflam-
matory biomarkers, and carotid intima-media thickness [54]. Although some periodontal
and inflammatory variables were associated with vascular measurements, the adjusted
association between periodontitis and carotid intima-media thickness was not statistically
significant, suggesting an important contribution from conventional cardiovascular risk
factors. Zhou et al. reported that intensive periodontal therapy in patients with pre-
hypertension improved periodontal parameters and was accompanied by reductions in
blood pressure and endothelial microparticles [63]. These findings suggest a potentially
modifiable relationship between periodontal inflammation and endothelial injury, but
they rely on surrogate vascular outcomes and should be interpreted in light of the trial’s
methodological limitations.

Molina et al. evaluated periodontal therapy in patients with severe periodontitis
and established cardiovascular disease, assessing flow-mediated dilation, carotid intima-
media thickness, and selected serum biomarkers [62]. Periodontal outcomes improved, but
significant between-group differences in flow-mediated dilation or carotid intima-media
thickness were not demonstrated. This study therefore provides limited evidence of a direct
short-term vascular effect and highlights the importance of distinguishing within-group
changes from treatment effects supported by between-group comparisons.

Collectively, the 12 studies do not identify a single dominant biomarker or a consistent
biomarker panel. Instead, they indicate possible convergence across inflammatory, immune,
endothelial, oxidative, autoimmune, lipid-related, and metabolic pathways. The biological
plausibility of this overlap is supported by the recurrence of related biomarker domains,
but consistency was reduced by differences in populations, cardiovascular phenotypes,
periodontal definitions, biological samples, laboratory assays, adjustment strategies, and
outcome timing.

4.2. Sex-Related Evidence and Menopausal Gap

Sex-related differences in cardiovascular biomarker concentrations provide a biological
rationale for investigating whether sex modifies the relationship between periodontitis
and cardiovascular disease. However, baseline differences between men and women do
not demonstrate a sex-specific periodontal effect. Establishing effect modification requires
adequately powered sex-by-periodontitis interaction analyses rather than simple reporting
of sex distribution or statistical adjustment for sex.

Only two included studies performed direct male—female comparisons. Latorre Uriza
et al. reported sex-related differences in selected inflammatory and vascular variables but
did not identify a validated sex-specific periodontal biomarker profile [54]. Stanescu et al.
found that male patients with ischemic stroke showed more severe periodontal destruction
and a less favorable oxidative-stress profile [60]. These observations are clinically relevant
but arose from studies without external validation or formal interaction testing.

Da Venezia et al. included women only and therefore provided female-specific infor-
mation without permitting comparison between sexes [53]. The remaining studies either
reported sex as a demographic characteristic or included it as a covariate but did not pro-
vide sufficiently detailed sex-stratified biomarker analyses [52,55-59,61-63]. Consequently,
the available evidence cannot determine whether the observed biomarker associations
differ meaningfully between men and women.

None of the included studies stratified women according to menopausal status. This
represents a major research gap because menopausal transition may influence inflamma-
tion, lipid metabolism, endothelial function, immune regulation, and periodontal tissue
response. The current absence of sex- and menopause-specific evidence should therefore
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be interpreted as insufficient investigation rather than evidence that biological differences
do not exist [78-83].

4.3. Certainty of Evidence, Limitations, and Research Priorities

The certainty of the evidence is limited by the predominance of observational, cross-
sectional, case-control, post hoc, and pilot designs. Residual confounding and participant
selection were the most frequent concerns, particularly because age, smoking, diabetes,
adiposity, medication use, socioeconomic conditions, oral-health behavior, periodontal
severity, and baseline cardiovascular risk were not adjusted consistently [84-89]. Objective
clinical examinations, laboratory assays, and vascular imaging reduced some concerns
regarding outcome measurement, but did not eliminate limitations related to exposure
classification, missing data, analytical flexibility, or selection of reported results.

The randomized studies provided more appropriate designs for evaluating the effects
of periodontal treatment, but confidence was reduced by incomplete reporting of allocation
procedures, possible deviations from intended interventions, multiple endpoints, and
reliance on surrogate vascular measures. Findings from studies with greater methodological
concerns should therefore be considered exploratory and hypothesis-generating rather
than confirmatory [90-96].

Clinical and methodological heterogeneity further restricted comparability and pre-
cluded meaningful quantitative pooling. Periodontitis was defined using different di-
agnostic criteria, severity thresholds, treatment histories, or pathogen-related measures.
Cardiovascular outcomes ranged from established events to subclinical imaging find-
ings and broader cardiovascular conditions [97-102]. Biological matrices included serum,
blood, saliva, and gingival crevicular fluid, while biomarker assays were not standardized
across studies.

A further limitation was the predominance of candidate-biomarker investigations.
Such studies provide focused mechanistic information but cannot capture the broader
molecular networks detectable through high-throughput proteomics, transcriptomics,
metabolomics, or integrated multi-omics [103-107]. The broad eligibility framework of this
review was necessary because directly relevant studies were scarce, but it also increased
heterogeneity and required the inclusion of some cardiovascular phenotypes that provide
indirect rather than strictly atherosclerosis-specific evidence [108-112].

Future studies should use prospective, adequately powered cohorts with standardized
periodontal and cardiovascular phenotyping [113-117]. Comprehensive blood-based molec-
ular profiling should be integrated with vascular imaging and prespecified adjustment
for major cardiovascular, metabolic, behavioral, pharmacological, and socioeconomic con-
founders. Analyses should formally test sex-by-periodontitis interactions and report results
separately for men, premenopausal women, and postmenopausal women [118-122]. Inter-
ventional trials should prioritize between-group effects, standardized follow-up, blinded
outcome assessment where feasible, and clinically meaningful vascular outcomes in addi-
tion to surrogate biomarkers [123-126].

In conclusion, the available literature supports the biological plausibility of a
periodontal-cardiovascular relationship involving several interconnected biomarker do-
mains. Nevertheless, heterogeneity, risk of bias, limited use of high-throughput approaches,
and inadequate sex- and menopause-specific analyses prevent the identification of a causal
or clinically validated biomarker signature [127-135]. The current evidence is therefore
most useful for identifying overlapping biological pathways and defining priorities for
future validation-oriented research.
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5. Conclusions

This systematic review identifies overlapping candidate-biomarker pathways at the
intersection of periodontitis and atherosclerotic or related cardiovascular phenotypes. The
most frequently represented domains were inflammation and immunity, endothelial or
vascular injury, oxidative stress, lipid and autoimmune regulation, and cardiac stress.
These findings support biological plausibility, but they do not establish that the reported
biomarkers are specific mediators of the periodontal-cardiovascular association or that
they improve clinical prediction.

The evidence base consisted mainly of observational studies measuring single an-
alytes or small predefined panels, with substantial heterogeneity in periodontal defini-
tions, cardiovascular outcomes, biological matrices, assays, and confounder adjustment.
Only two studies directly compared men and women; neither demonstrated a validated
sex-by-periodontitis biomarker interaction, and no study stratified women by menopausal
status. A sex-specific or menopause-specific biomarker signature therefore cannot be
defined from the current literature.

Future research should combine standardized periodontal assessment, cardiovascular
imaging, comprehensive blood-based omics, prespecified sex-interaction analyses, direct
collection of menopausal and reproductive variables, correction for multiple testing, and
independent validation. Until such evidence is available, the biomarkers summarized here
should be regarded as hypothesis-generating rather than clinically actionable.
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Abbreviations

The following abbreviations are used in this manuscript:

anti-ApoA-1IgG  anti-Apolipoprotein A-1 Immunoglobulin G

ARIC Atherosclerosis Risk in Communities
BMI Body Mass Index

cIMT Carotid intima-media thickness
CRP C-reactive protein

FMD Flow Mediated Dilation

hs-CRP High-sensitivity C-reactive protein
IeG Immunoglobulin G

IL-6 Interleukin-6

1IL-8 Interleukin-8

LPS Lipopolysaccharide

MBL Mannose-binding lectin
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NT-proBNP N-terminal pro-B-type natriuretic peptide
PAROKRANK Periodontitis and Its Relation to Coronary Artery Disease
PCSK9 Proprotein convertase subtilisin/kexin type 9
PGLYRP1 Peptidoglycan recognition protein 1
SIRT1 sirtuin 1
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