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Abstract

Background/Aim: Although periodontal disease has been epidemiologically linked to various
systemic malignancies, comprehensive literature regarding its specific association with brain tumors
remains scarce. The primary objective of this study was to investigate the potential association of
periodontal disease with the risk of meningioma, (WHO Grade I and II), development.

Materials and Methods: This retrospective case-control study enrolled 74 individuals with newly
diagnosed meningioma (WHO grade I and II) and148 age-and gender matched healthy controls.
Prior to the initiation of any oncological intervention, all participants completed a standardized
health questionnaire and underwent a rigorous clinical periodontal assessment. Periodontal health
status was quantified utilizing Probing Pocket Depth (PPD), and Clinical Attachment Loss (CAL).
To isolate the independent association between periodontal status and meningioma (WHO grade I
and II) risk, data were subjected to univariate and multivariate logistic regression analyses, adjusting
for potential confounding covariates.

Results: Following adjustment for gender, age, and smoking status, multivariate analysis revealed
that patients with an elevated BMI (p=0.470, OR=1.562), exhibited a statistically significant
predisposition toward an elevated risk of meningioma (WHO grade I and II) development, and
these with more severe CAL (stages III/IV) (p=0.072, OR=1.386), were marginally associated with
the risk of tumor development, associations that remained after adjustment for age, gender, and
smoking history.

Conclusions: Patients with higher BMI, and advanced CAL were positively associated with the risk
of developing meningioma (WHO grade I and II).

Keywords: Meningioma (WHO Grade I, and II); Periodontal Disease; Adults

Introduction

Meningioma (MG) represents the most prevalent primary neoplasm of the Central Nervous
System (CNS), accounting for approximately one-third (37.1% to 37.6%) of all primary intracranial
and CNS malignancies [1, 2]. In the United States, the annual age-adjusted incidence rate of
MGs ranges between 8.33 and 8.58 per 100,000 person-years, according to data published by the
Central Brain Tumor Registry of the US (CBTRUS) [2, 3]. The incidence of MGs exhibits a direct,
linear association with advancing age, demonstrating a pronounced escalation within the geriatric
population, particularly after the age of 65 years [1, 2, 4-6]. While predominantly manifesting
during the sixth and seventh decades of life, MGs remain exceedingly rare in pediatric cohorts,
comprising merely 0.4% to 4.1% of all childhood CNS neoplasms [4]. Among adults, a distinct
female predominance is well-documented. MGs classified as World Health Organization (WHO)
grades 1 and 2 collectively exhibit a 2.27-fold to 2.3-fold higher prevalence in female cohorts
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compared to males [2, 3].

Advanced age and genetic susceptibility constitute well-
established risk factors for MG development [7, 8]. Ionizing radiation
represents a primary causative factor, with a well-documented
pathogenic association observed not only after therapeutic
irradiation for a variety of medical indications but also among atomic
bomb survivor cohorts [7-9]. Beyond high-dose radiation regimens,
exposure to therapeutic low-dose radiation (1-2 Gy), particularly
during childhood, is strongly associated with an elevated risk of
MG development [10]. Characteristically, radiation-induced MGs
frequently present as multi-focal tumors and exhibit aggressive
clinicopathological features [8, 10]. Additional potential risk factors
currently under investigation include craniocerebral trauma, tobacco
smoking, higher Body Mass Index, and specific viral etiologies [7, 11-
15].

Neurofibromatosis type 2 (NF2) constitutes the most prevalent
hereditary genetic syndrome predisposing individuals to MG
development. Notably, patients presenting with NF2 exhibit a
significantly higher propensity for developing atypical to malignant
variants (WHO grades 2 and 3) as well as multifocal MGs [16].

A multitude of investigations suggest a strong endocrine-
mediated influence on the pathogenesis and oncogenesis of MGs [14,
17]. This hormonal hypothesis is heavily supported by several clinical
observations, including the elevated incidence rates in females of
reproductive age, a documented epidemiological association with
breast carcinoma, and discernible variations in tumor volume during
pregnancy, the menstrual cycle, and menopause. On a molecular
level, approximately 76% of benign MGs demonstrate robust
tumoral expression of progesterone receptors [14, 17]. Furthermore,
prolonged female exposure to exogenous progesterone has been
associated with down-regulated levels of progesterone receptor and
NF2 mRNA expression in peripheral blood, suggesting a potential
mechanistic link to an elevated risk of MG development [18].

Anatomically, the vast majority of MGs are intracranial (79.8%),
whereas spinal locations account for a distinct minority of 4.2%
[3]. These neoplasms histologically originate from meningothelial
arachnoid cells, which exhibit divergent embryological derivatives
based on their precise anatomical distribution [19]. Specifically,
the meninges of the cerebral convexity embryonically derive from
the neural crest, whereas those of the skull base originate from
mesodermal structures [19, 20]. This distinct ontogenetic divergence
significantly influences not only the heterogeneous histological
phenotypes but also dictates the specific profiles of recurrent somatic
mutations observed in these tumors [19, 20].

According to the revised 2016 WHO classification of CNS
tumors, MGs are categorized into three distinct histological grades
based on their malignant potential and clinical behavior [21, 22]. The
vast majority of cases, approximately 80%, are classified as grade I,
characteristically exhibiting benign histopathological features and
an indolent clinical course [21]. Conversely, the remaining subset
of tumors (20%) represents higher-grade malignancies, specifically
grades II and III, which are defined by atypical to malignant
histopathological features and demonstrate a significantly more
aggressive clinical progression [3, 20].

A hallmark characteristic of MGs is the profound heterogeneity
of their histopathological phenotypes, which encompasses 15 distinct
variants stratified across the three WHO grades [18]. WHO grade I

(benign) encompasses nine variants,among which the meningothelial,
fibrous, and transitional subtypes are the most frequently encountered.
The psammomatous, secretory,
lymphoplasmacyte-rich, and meta-plastic variants are also classified
under this benign classification [22]. In contrast, WHO grades II
and III each comprise three specific variants [22]. The atypical,
chordoid, and clear cell variants are assigned to grade II, whereas the
anaplastic (malignant), paillary, and rhabdoid variants are classified
as grade IIT [22]. While each variant is definitively diagnosed based
on pathognomonic histological morphology, a substantial number of
MGs exhibit a mixed histological architecture within the same tumor
mass. In such instances, the definitive diagnosis is dictated by the
predominant histopathological pattern. During the 1970s, the loss of
chromosome 22 was first documented via fluorescence techniques as
a hallmark recurrent genetic alteration in MGs [23]. Subsequently,
several rare familial syndromes predisposing individuals to MG
development were identified, most notably NF2 [24]. In the 1990s,
mutational inactivation of the NF2 gene localized on chromosome 22
was established as a primary oncogenic driver, occurring in 40% to
60% of sporadic MGs [25]. Following this discovery, intensive efforts
to elucidate alternative candidate driver genes in NF2 wild-type
MGs persisted. However, no critical genetic drivers were identified
until 2013. Driven by advancements in Whole-Genome Sequencing
(WGS) technologies, a distinct cohort of recurrent genetic drivers has
since been uncovered, including Tumor necrosis Factor Receptor-
Associated Factor 7 (TRAF7), Kruppel-Like Factor 4 (KLF4),
v-Akt murine thymoma viral oncogene homologl (AKT1), and
smoothened, frizzled class receptor (SMO) [26, 27].

angiomatous,  microcystic,

Furthermore, in 2016, somatic mutations in the
Phosphatidylinositol-4,5-bisphosphate 3-Kinase Catalytic subunit
Alpha (PIK3CA) gene were also identified as a recurrent driving
mechanism in a subset of MGs [28].

To date, surgical intervention remains the cornerstone of
therapeutic management, with approximately 70% to 80% of MGs
being effectively eradicated via surgical resection [20]. The most
reliable prognostic indices for MGs constitute the histological grade
(WHO classification) and the extent of surgical resection (Simpson
grading system) [20, 29, 30]. Following macroscopically complete
resection, the 5-year recurrence rates for WHO grade I, II, and III
neoplasms are documented at 5%-10%, 50%, and 80%, respectively
[31].

Periodontal Disease (PD), encompassing the distinct clinical
phases of gingivitis and periodontitis, constitutes a progressive
chronic inflammatory pathology that affects roughly 15% of the global
adult cohort. Serving as the primary etiological agents, pathogenic
oral bacteria [32] and concomitant viral entities [33] infiltrate the
gingival tissues and supporting structures, triggering a severe host
tissue reaction. The epidemiological effect and severity of PD is
associated directly with tobacco abuse, inadequate oral hygiene, and
advanced age. This pathological cascade induces the development of
periodontal pockets, clinical attachment loss, gingival hemorrhage,
and the destruction of alveolar bone architecture, with rapidly
progressive clinical features leading to total tooth loss. Additionally,
the complex interplay between immunodeficiency conditions, bone
mineral density depletion (osteoporosis), and specific virulent profiles
of the oral microbiome continues to be extensively evaluated [34, 35].

Far from being a strictly localized phenomenon, periodontal
infection induces pronounced systemic sequelae across multiple
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vital organ systems, including the cardiovascular and pulmonary
tracts [36]. The driving pathophysiological mechanism involves the
overproduction of Reactive Oxygen Species (ROS) and the subsequent
induction of oxidative stress. This state is further mediated by
reciprocal interactions with acute-phase cytokines and chemokines,
specifically Interleukin (IL)-1, IL-6, and C-Reactive Protein (CRP),
which actively dictate PD progression and severity [37]. The systemic
effect of these inflammatory biomarkers is hypothesized to arise from
a generalized low-grade inflammatory state, a systemic immune
response directed against periodontal pathogens, or the direct
translocation of oral microflora into the systemic circulation [38, 39].

Consequently, a vast body of epidemiological literature has
extensively investigated periodontitis as an independent risk factor
for systemic pathologies, establishing robust associations with
atherosclerotic cardiovascular disease, stroke, Chronic Obstructive
Pulmonary Disease (COPD), type 2 diabetes mellitus, rheumatoid
arthritis, and various oncological conditions [35, 40-47].

An elevated risk of overall oncological susceptibility [48, 49], as
well as site-specific malignancies [50-52], has been strongly associated
with compromised oral health, advanced PD, and tooth loss,
remaining independent of traditional confounding elements such as
age, gender, tobacco use, and Socioeconomic Status (SES).Although
extensive research has investigated the potential etiopathogenic
and oncogenic influence of PD across multiple anatomical regions,
including the oral cavity, esophagus, stomach, pancreas, and
lungs [49, 53-56], the definitive nature of these findings remains a
subject of ongoing investigation, even after rigorous adjustment for
confounders. While shared immunoinflammatory and molecular
pathways are hypothesized to drive both PD and malignant
transformation, the precise pathophysiological mechanisms linking
PD to cancer development remain to be fully elucidated.

To date, no prospective or retrospective epidemiological
investigations in Greece have systematically evaluated the potential
association between PD indices and the risk of developing MG
(WHO grade I and II).

Consequently, the present case-control study was carried out to
investigate the hypothetical relationship between clinical periodontal
parameters and MG (WHO grade I and II) pathogenesis among
Greek adult cohorts.

Materials and Methods

Study population and epidemiological design

A multi-center, retrospective case-control study was conducted
between October 2024 and June 2026 across diverse clinical settings.
To ensure statistical validity, sample size estimation was performed in
strict accordance with baseline the tumors of the CNS prevalence data
[57] and the EPITOOLS methodological guidelines [58] (ausvet.com.
au), utilizing a 95% Confidence Interval (CI) and a statistical power
of 0.80. Age-based stratification was aligned with the epidemiological
recommendations of the WHO [59] for assessing CNS tumor
incidence [60].

The total study population encompassed 222 participants of both
genders, aged between 50 and 84 years, who were recruited from
private medical, dental, and neurological clinics. The disease cohort
comprised 74 patients with histologically validated MGs. The control
cohort consisted of 148 healthy individuals. To establish a robust
baseline and attenuate the confounding effects of gender, age, and

tobacco consumption, neighborhood and social-network controls
were utilized. The control group was precisely frequency-matched to
the case group by age and gender. Furthermore, to minimize selection
bias, all participants were sampled from the same urban geographical
region. Controls were selected from individuals undergoing routine
health screenings at the participating medical sites during the 2024-
2026 study period.

Diagnostic workflow and histopathological verification

The diagnostic procedure for suspected MG cases followed
a standardized clinical protocol. Initial presumptive diagnosis
was established via high-resolution contrast-enhanced Magnetic
Resonance Imaging (MRI), identifying characteristic extra-axial
dural-based lesions. Following radiological identification, all patients
underwent surgical intervention (craniotomy for tumor resection).
During the operative procedure, intraoperative frozen section analysis
was utilized when necessary to provide immediate, preliminary
histopathological guidance. Definitive and final diagnosis, however,
was achieved postoperatively. The resected tumor specimens were
subjected to formal histopathological and immunohistochemical
evaluation. Tumors were histologically graded and classified in strict
accordance with the updated WHO classification guidelines for CNS
tumors [57,61].

Control selection and covariate matching

To ensure a homogenous study population, strict eligibility
criteria were established for both the disease and healthy control
cohorts. Eligible cases comprised patients with newly diagnosed,
histopathologically verified MGs, in strict accordance with the
current WHO diagnostic classification [57]. For the patient cohort,
comprehensive clinical characteristics, tumor staging, and diagnostic
parameters were extracted directly from verified institutional medical
and neurooncological registries.

To attenuate confounding systemic influences on the biological
markers under investigation, strict pharmacological and medical
exclusion thresholds were enforced. Participants in both cohorts
were excluded if they had received systemic antibiotic therapy,
immunosuppressive regimens, or systemic glucocorticoids within
the six months prior to enrollment. Furthermore, individuals who
underwent conservative or surgical periodontal interventions
within the preceding six-month period were deemed ineligible.
Concurrently, a history of diabetes mellitus, severe cardiovascular
pathology, rheumatoid arthritis, acute pulmonary disorders, or
any secondary primary malignancy served as a basis for exclusion.
These systemic conditions were strictly controlled for, as they are
established factors that alter oral microbial profiles and periodontal
tissue indices, which would introduce significant secondary analytical
biases [62].

Within the patient cohort, specific neurooncological exclusion
parameters were systematically applied. Patients presenting with
advanced metastatic disease secondary to a primary malignancy
originating outside the CNS, as well as those with secondary
intracranial malignancies associated with multi-field carcinogenesis
frameworks [63], were excluded from the study. Additionally,
to guarantee unbiased baseline evaluations, MG patients were
excluded if they had initiated any first-line oncological modalities,
including surgical resection/stereotactic radiosurgery, fractionated
radiotherapy, possible targeted chemotherapy/hormone-based
therapy, prior to baseline data collection.
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Selection and matching of the control cohort

To optimize statistical power and control for epidemiological
variances, cases and controls were precision-matched in a 1:2
ratio. Matching covariates included gender, age (within a +4.5-
year window), and tobacco consumption (stratified as current/
former, or never-smokers). Precise adjustment for these variables
was mandatory, as they represent principal risk factors for systemic
inflammation and potential sources of epidemiological confounding
[64-67].

Clinical data collection and epidemiological survey

All eligible individuals within the disease and healthy control
cohorts completed an adapted version of the Minnesota Dental
School Medical Questionnaire [68]. This standardized questionnaire
was administered to systematically gather comprehensive data
regarding the participants' medical and dental history, current
systemic comorbidities, and demographic determinants.

Definition and classification of covariates

Socio-demographic attributes were incorporated as potential
confounding covariates in the subsequent statistical analyses. Age for
both cases and controls was stratified into four distinct age cohorts:
50-59, 60-69, 70-79, and >80 years.

Due to the relatively small case sample size, SES, and educational
attainment, were not included in the multivariable models to prevent
multicollinearity and overfitting. Consequently, statistical adjustment
for residual confounding was restricted to age and gender as primary
covariates.

Tobacco consumption was evaluated and stratified into two
primary operational categories, never-smokers (defined as individuals
who had consumed fewer than 100 cigarettes during their lifetime)
and active/former smokers (defined as individuals with a cumulative
lifetime consumption of at least 100 cigarettes, further subdivided into
current daily or occasional smokers, and those reporting sustained
smoking cessation). Obesity was quantified utilizing the BMI, with
participants stratified into normal (<30 kg/m?) and high (=30 kg/m?)
adiposity cohorts [15].

Clinical periodontal evaluation and diagnostic indices

Comprehensive oral and periodontal clinical measurements
were performed by a calibrated Dental Surgeon. All examinations
were conducted within a standardized clinical environment utilizing
a uniform dental light source, a mouth mirror, and a specialized,
pressure-sensitive periodontal probe with a defined spring-loaded
probing force of 0.2 N (UNCI15/ Williams type, model DB764R,
Aesculap AG & Co. KG, Tuttlingen, Germany) to eliminate subjective
intra-examiner measurement variance. To isolate chronic periodontal
tissue parameters and prevent acute anatomical confounding, all
remained roots and third molars were systematically excluded from
scoring across all examined quadrants.

The baseline periodontal profile was established through the
concurrent mapping of the following standard diagnostic indices,
Probing Pocket Depth (PPD), and Clinical Attachment Loss (CAL).
To optimize diagnostic sensitivity, measurements were systematically
recorded across all dental quadrants. For each individual tooth,
clinical indices were recorded across six designated sites, mesiobuccal,
mid-buccal, distobuccal, mesiolingual, mid-lingual, and distolingual.
The highest recorded scores per index were calibrated to the nearest
millimeter and binarized to serve as categorical predictors in the

statistical analysis.

Periodontal parameters were categorized based on established
diagnostic staging frameworks. PPD values were stratified into Stage
I/IT and Stage ITI/IV cohorts. Stage I and II classifications were defined
by a maximum PPD of £4.0 mm and <5.0 mm, respectively, combined
with a prevalence of horizontal bone resorption. Conversely, Stage
III classification was characterized by a PPD reaching or exceeding
6.0 mm, vertical osseous defects of >3.0 mm, Class II or III furcation
involvements, or moderate alveolar ridge deformities. Progression to
Stage IV was determined when Stage III diagnostic thresholds were
met in conjunction with severe functional impairments necessitating
complex oral rehabilitation. These secondary complications included
masticatory dysfunction, secondary occlusal trauma, advanced tooth
mobility (>degree 2), severe ridge defects, bite collapse, pathologic
tooth migration or flaring, or a depleted dentition consisting of fewer
than 20 remaining teeth (or fewer than 10 opposing pairs) [69].

Assessment of CAL was assessed in accordance with standardized
staging thresholds. Participants were stratified into either Stage I/II
or Stage III/IV categories. The less severe categories (Stages I and
IT) were designated based on proximal CAL metrics at the zone of
maximal tissue deficit, ranging from 1.0-2.0 mm and 3.0-4.0 mm,
respectively. In contrast, classification within the advanced stages,
III and IV, required an inter-dental CAL of 5.0 mm or greater at
the site of maximal destruction. Differentiation between these two
advanced categories was contingent upon the extent of secondary
tooth mortality attributable to periodontitis. Cases presenting with
a cumulative loss of 4 or fewer teeth were designated as Stage III,
whereas a history of 5 or more missing teeth secondary to periodontal
pathology defined the Stage IV cohort [69].

Methodological standardization and intra-examiner
reproducibility

To verify the reproducibility of the clinical parameters and
systematically quantify potential intra-examiner measurement
variability, a randomly selected subset of 45 participants, constituting
20% of the total study population, was enrolled in a replication
analysis. These subjects underwent a blinded clinical re-evaluation
performed by the initial examining Dental Surgeon following a three-
week stabilization period. Statistical reproducibility between the
baseline and follow-up examinations revealed an exceptional level of
reproducibility, evidenced by a computed Cohen’s Kappa coefficient
of 0.97. Notably, to maintain the baseline oral microenvironment
and prevent transient behavioral confounding that could confound
periodontal scoring outcomes, no oral hygiene counseling or
instructions were administered to the participants during this interim

three-week evaluation period.

Ethical compliance and informed consent

Given its design as a non-experimental, retrospective
observational investigation, the study protocol complied with the
institutional frameworks governing retrospective registry-based
analyses. The research was conducted in strict adherence to the
ethical principles outlined in the Declaration of Helsinki. Prior
to enrollment, all participants received a comprehensive briefing
detailing the study’s specific objectives, clinical significance, and
methodological workflow, and subsequently provided voluntary
written informed consent.

Results
The mean ages were 64.5+2.5 years and 62.4+2.3 years for MG
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Table 1: Univariate analysis of cases and controls regarding each independent
variable examined.

i 0,
Variables ‘ Cases ‘Controls p-value Odds.Ratlo and 95%
Confidence Interval
Gender
Males 40 (54.1) | 77 (52.0)
0.776 | 1.085 (0.620-1.898)
Females 34 (45.9) 71 (48.0)
Age
50-59 13 (17.6) 32 (21.6)
60-69 26 (35.1) | 49(33.1)
0.732 -
70-79 23 (31.1) | 38 (25.7)
80+ 12 (16.2) | 29 (19.6)
Smoking
Never smokers 25(33.8) | 59 (39.9)
; 0.378 | 0.770 (0.429-1.379)
Previous/ current 49 (66.2) 89 (60.1)
smokers
Body Mass Index
<30 kg/m? 27 (36.5) | 70 (47.3)
0.126 | 0.640 (0.361-1.135)
230 kg/m? 47 (63.5) | 78 (52.7)
Probing pocket depth
Stage I/l 31 (41.9) 71 (48.0)
0.391 | 0.782 (0.445-1.373)
Stage II/IV 43 (58.1) | 77 (52.0)
Clinical Attachment Loss
Stage /i 28 (37.8) 65 (43.9)
0.387 | 0.777 (0.439-1.376)
Stage II/IV 46 (62.2) | 83 (56.1)

patients and healthy individuals, respectively.

The histological subtypes identified were meningothelial (67%)
and fibrous (fibroblastic) (33%).

Univariate model was used to compare indices between patients
and controls for categorical variables. No statistically significant
associations were observed between the examined periodontal indices
and the risk of meningioma development (Table 1). The same Table

displays Unadjusted OR’s and 95% CI.

Following the application of the logistic regression model (Wald
method), a high BMI was found to be statistically significantly
associated with the risk of meningioma development (p=0.047),
whereas CAL demonstrated a borderline significant association with
this risk (p=0.072) (Table 2). Adjusted OR’s and 95% CI are also
detailed in the same Table.

Discussion

The most frequently utilized parameters for assessing periodontal
status encompass clinical indices such as PPD, CAL, GI, Plaque Index
(PII), BOP, Bleeding Point Index (BPI), Alveolar Bone Loss (ABL),
and the number of missing or remaining teeth [70].

Within recent decades, the potential association between PD,
including both gingivitis and, more notably, advanced periodontitis,
and the risk of oncogenesis has been the subject of rigorous academic
investigation, often producing conflicting outcomes. Characterized
as a chronic inflammatory condition, PD is etiological linked to
a diverse array of systemic pathologies [71-74]. Consequently, a
substantial body of epidemiological research have sought to analyze
the connection between oral health condition and different types of
malignancies. A growing consensus in the literature indicates that
severe periodontitis, which is frequently compounded by subsequent
tooth loss, is associated with an increased susceptibility to cancer
across diverse demographics [75-82]. However, these epidemiological
relationships offer limited clinical utility when implemented as
independent preventive parameters [47]. Notwithstanding these
prognostic constraints, contemporary research offers valuable
evidence highlighting that timely periodontal therapies could play
a critical role in decreasing the incidence of specific anatomical site
cancers [83].

To the best of our knowledge, the current literature contains no
prior investigations exploring the potential link between tooth loss
and the development of MGs. While Michaud et al., [49] evaluated
CNS neoplasms, their study focused on using the general term 'glioma’
for the definition of the term "brain malignancy." Additionally, their
statistical evaluations yielded no statistically significant association
between dentition reduction and brain tumor susceptibility (for 17-

Table 2: Presentation of association between periodontal disease indices and meningioma (WHO grade | and 1) development according to Enter (first step-12) and

Wald (last step 62) method of multivariate logistic regression analysis model.

Variables in the Equation
95% C.I. for EXP(B)
B S.E. Wald df Sig. Exp(B)

Lower Upper
gender ,243 ,294 ,237 1 ,326 1,154 ,649 2,052
age.group ,185 ,146 121 1 ,872 1,075 , 755 1,338
smok.status ,217 ,263 224 1 422 1,275 ,704 2,309
Step 12 body.mass.ind 429 ,304 1,988 1 ,089 1,536 ,846 2,790
prob.pock.dep ,162 ,314 ,266 1 ,355 1,176 ,636 2,174
clin.att.loss ,410 ,311 1,851 1 ,102 1,332 ,687 2,206

Constant 1,224 ,452 7,351 1 ,007 ,294
) body.mass.ind 446 ,292 2,330 1 ,047 1,562 ,881 2,770
Step 6 clin.att.loss ,423 ,227 1,883 1 ,072" 1,386 ,693 2,254

Constant 1,693 ,542 8,702 1 ,000 ,500

a. Variable(s) entered on step 1: gender, age.group, smok.status, body.mass.ind, prob.pock.dep, clin.att.loss.

*p-value: Statistically significant
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24 remaining teeth: HR= 0.98, 95% CI =0.57-1.68, and HR=0.99, 95%
CI=0.58-1.70, and for 0-16 remaining teeth: HR=1.28, 95% CI=0.65-
2.51, and HR=1.31, 95% CI=0.66-2.59).

The findings revealed that patients with an elevated BMI (p=0.470,
OR=1.562), exhibited a statistically significant predisposition toward
an elevated risk of MG (WHO grade I and IT) development, and these
with more severe CAL (stages III/TV) (p=0.072, OR=1.386), more
severe CAL (stages III/IV) (p=0.072, OR=1.386), were marginally
associated with the risk of tumor development, associations that
remained after adjustment for age, gender, and smoking history.

MG incidence is significantly higher in females and shows a
sharp increase with advancing age [1, 2, 4, 6]. However, the current
study did not confirm such associations, although age and gender are
considered confounding factors [84].

Tobacco smoking is acknowledged as a potential risk factor for
both the initiation and progression of PD and various malignancies
[85]. Nonetheless, it frequently functions as a confounding variable
in investigations evaluating the potential association between PD and
cancer types where smoking etiologically contributes to oncogenesis.

Available evidence from broad epidemiological cohorts and
systematic reviews suggested that tobacco consumption was not
definitively recognized as a universal risk factor for the pathogenesis
of MGs. Interestingly, the current literature highlights a notable
divergence in this relationship when stratified by gender. Among
male populations, a documented history of smoking was positively
associated with an increased susceptibility to MG development (e.g.,
RR=1.42, 95% CI:1.16-1.74) [86]. In contrast, investigations focused
on female cohorts frequently report neutral or inverse correlations. In
fact, certain data paradoxically indicated a slight protective outcome,
an effect that may be mediated by the anti-estrogenic properties
inherent to tobacco components (e.g., OR=0.83, 95% CI: 0.70-0.98)
[87]. The current study indicated no association between tobacco
consumption and the risk of MG (WHO grade I and II) development.

Obesity and mainly raised BMI have been constantly associated
with an increased risk of diverse type of cancers, such as breast
[88], and Colorectal Cancer (CRC) [89]. The results recorded that
patients with higher values of BMI were significantly associated
with an elevated risk of MG (WHO grade I and II) development.
This finding has been confirmed by a previous report [15], whereas
a similar one did not confirm such an association [11]. PPD reflects
the destructive pathology of a chronic inflammatory response and
serves as an established indicator for assessing the severity of PD
[90]. The outcomes demonstrated that PPD was not statistically
significantly associated with an increased risk of MG (WHO grade I
and II) development. This finding cannot be confirmed by previous
reports as similar reports have not been carried out. On the contrary,
a prospective study [49] reported no significant association between
PD and risk of the tumor development although it refers to malignant
brain tumors by employing the general term "glioma". CAL
constitutes another critical index for assessing periodontitis severity
[90], reflecting the long-term stages of chronic inflammation and the
cumulative manifestations of destructive inflammatory processes.
PPD and CAL reflect the long-term stages of chronic inflammation,
encompassing the cumulative manifestations of destructive
inflammatory processes [91]. The present study showed that patients
with more severe CAL (stages III/IV), were marginally associated
with the risk of tumor development, an association that remained

after adjustment for age, gender, and smoking history. Moreover,
equivalent findings regarding the CAL index have not been previously
documented by other investigators regarding patients with MGs.

Hujoel et al., [54] hypothesized that gingival inflammation could
potentially serves as an etiological risk factor for the development of
several malignancies, such as lung cancer. It should be emphasized
that patients with grade III MGs were excluded from the present
study, as their behavior and poorer prognosis would negatively
affect their selection and compliance in conducting the research.
The possible worse PD indices in those patients could be raised from
psychological burden, rather than from nutritional deficiencies,
alterations in salivary quality and quantity, or disruptions in oral
microbial and immunological homeostasis induced by chemotherapy
or radiotherapy [92, 93], as the clinical progression of this stage
is extremely unfavorable [94]. Furthermore, these patients may
exhibit increased susceptibility to the progression and destruction of
periodontal tissue compared to healthy individuals.

Although several pathophysiological hypotheses have been
suggested, a definitive causal link between PD and CNS malignancies,
such as MGs and gliomas, has yet to be fully established, leaving the
exact molecular pathways largely unresolved.

Nevertheless, growing evidence underscores that oncogenesis is
heavily driven by chronic inflammation. In this context, periodontitis
functions as a persistent, low-grade infectious and inflammatory
state that actively drives tumor initiation and progression [95-
97]. This persistent microenvironment participates in neoplastic
transformation by upregulating cell survival pathways and inhibiting
apoptosis [53, 98-100].

Furthermore, advanced PD can be viewed as a clinical surrogate
marker for systemic immune dysregulation, signifying acompromised
host immunosurveillance system that fails to inhibit tumor expansion
and metastatic dissemination. Concurrently, poor oral hygiene and
severe tissue destruction, often compounded by tobacco use and
dietary habits, promote the endogenous synthesis of carcinogenic
nitrosamines through nitrate-reducing oral microbiota, a process
further accelerated by subsequent tooth loss [87, 101-103].

At the molecular level, these sustained inflammatory processes
accelerate  carcinogenesis by driving proliferation,
mutagenesis, and tumor angiogenesis via the secretion of key cytokines
and chemokines [104]. This state is coupled with a disruption in
antioxidant enzyme homeostasis, where increased Glutathione
Peroxidase 1 (GPX1) transcript levels reflect elevated oxidative and
nitrosative stress [105]. The resulting generation of Reactive Oxygen
Species (ROS) and Reactive Nitrogen Intermediates (RNI) induces
genotoxic DNA mutations and impairs highly conserved DNA repair
pathways [106].

cellular

The potential pathogenetic mechanisms concern direct bacterial
invasion and blood-brain barrier (BBB) disruption, systemic
inflammation and microglial activation, activation of oncogenic
pathways and apoptosis suppression, and immune evasion and
surveillance bypass.

The primary pathway connecting oral dysbiosis to CNS
oncogenesis involves hematogenous bacterial translocation. Primary
periodontopathogens, most notably Porphyromonas gingivalis and
Fusobacterium nucleatum, enter the bloodstream through ulcerated
gingival tissues during bacteremia. These pathogens and their highly
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immunogenic shedding products, such as Lipopolysaccharides (LPS),
compromise and cross the BBB to infiltrate the CNS [107]. Regarding
MGs, because the meninges (dura, arachnoid, and pia mater) are
anatomically in direct contact with the cranial vasculature, chronic
exposure of these cells to such microbes induces severe cellular stress
and genotoxic mutations [107, 108].

According to the second potential mechanism periodontitis acts
asapermanent "open wound" that floods the circulation with systemic
inflammatory mediators. The shedding of LPS from Gram-negative
oral bacteria activates host Toll-Like Receptors (TLRs), triggering an
overproduction of pro-inflammatory cytokines, including IL-18, IL-
6, TNF-q, and C-Reactive Protein (CRP) [109]. Upon crossing into
the brain, these peripheral mediators stimulate cerebral microglial
cells, triggering chronic neuroinflammation. This process establishes
a highly permissive, chronic inflammatory microenvironment that
promotes oncogenesis and drives the proliferation and progression
of both glioma and MG cells [109, 110].

The third mechanism focuses on the fact that oral pathogens
possess the distinct capacity to interfere with the physiological
life cycle and signaling network of host cells. Molecular evidence
demonstrates that F. nucleatum and P. gingivalis hyperactivate key
intracellular signaling cascades, specifically the NF-«B signaling
pathway and the STAT3 protein [111].

Additionally, P. gingivalis-derived LPS drives the hyperactivation
of the Akt signaling cascade, resulting in a significant increase in the
expression of oncogenic mediators such as TNF-a, TGF-, MMP2,
and MMP9. Together, these molecular alterations are directly
linked to enhanced tumor cell survival, accelerated migration,
active angiogenesis, and the strict suppression of programmed cell
death (apoptosis) [110, 111]. The last mechanism suggests that
beyond driving proliferation, periodontal bacteria secrete specialized
virulence factors that actively disrupt, degrade, or suppress the
host's localized immune response, such as through the enzymatic
degradation of immunoglobulins and complement factors [111].
The resulting systemic immunosuppression and compromised
immunosurveillance enable mutated meningeal or glioma cells
to successfully bypass host immune detection, facilitating their
uninhibited survival, clonal expansion, and subsequent development
into solid tumors [70, 111, 112].

Discrepancies across the published literature may stem from
variations in study design, cohort characteristics, or PD classification
criteria. Such conflicting findings are frequently attributable to
baseline heterogeneities within study samples regarding age, gender,
SES, educational status, tobacco smoking behaviors, and the exact
staging and grading of PD. Although most studies adjusted for the
confounding effects of smoking through multivariate regression
models utilizing a qualitative smoking covariate, other cohorts
controlled for this specific confounder by strictly excluding smokers
from the study population. Even though confounding introduces
systematic bias that investigators aim to reduce or minimize within
the effect estimate, effect modification represents an intrinsic
biological or epidemiological property of the specific exposure-
outcome pathway under investigation. Consequently, tobacco
smoking and other covariates, including age, SES, and educational
attainment can function either as operational confounding factors or
as genuine effect modifiers [55, 113].

The strong association of tobacco use with both PD pathogenesis

and particular malignancies may explain the observed variations in
oncological risk across diverse geographical areas, anatomical sites,
and independent investigations. Nonetheless, evaluating smoking
intensity and duration within cohort studies is inherently prone to
substantial measurement imprecision, as categorization by smoking
status frequently introduces non-differential misclassification or
overlapping strata. This methodological constraint can lead to
residual confounding stemming from the incomplete adjustment
for tobacco exposure, subsequently biasing the risk estimates of an
intervening variable such as PD [114, 115].

The methodological strengths and inherent limitations of this
study warrant careful consideration when interpreting the findings.
Notable strengths include a complete longitudinal follow-up and the
utilization of a well-characterized cohort, which enabled a rigorous
evaluation of both confounding and effect modification by established
risk factors, thereby minimizing the likelihood of biased associations.
Additionally, PD was defined using standardized clinical oral
examinations rather than subjective, self-reported data, substantially
eliminating the risk of exposure misclassification and preventing the
potential underestimation of the observed relationships.

Certain drawbacks, however, must be taken into account.
Specifically, the potential for residual confounding cannot be
completely ruled out, given that the calculated risk estimates
might remain susceptible to unmeasured, unquantified, or as yet
unidentified latent variables.

Conclusions

Individuals with higher BMI, and advanced CAL were positively
associated with the risk of developing MG (WHO grade I and II),
after adjustment for age, gender and tobacco consumption.
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