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Abstract

This study aims to determine the association between periodontal disease (PD) and prostate cancer (PC) using systematic 
review and meta-analysis. Any observational studies investigating the association between PD and PC published in PubMed, 
Scopus, ScienceDirect, and Google Scholar from inception to 2024 were reviewed. The Newcastle-Ottawa Scale was used 
to assess study quality. Stata version 17.0 software was used for all statistical analyses. The study’s findings were reported 
as odds ratios (ORs) with 95% confidence intervals (CIs) through fixed- or random-effects model meta-analysis. Nine studies 
involving 621,982  male participants aged ≥ 20  years were finally included in this meta-analysis. The fixed-effects model 
meta-analysis revealed a significant association between PD and PC (OR = 1.19; 95% CI = 1.12-1.28; p = 0.0000). 
The present meta-analysis was robust based on the results of sensitivity analysis. This meta-analysis demonstrates a sig-
nificant association between PD and PC, potentially driven by chronic inflammation and migration of periodontal pathogenic 
bacterial.

Keywords: Oral health. Periodontal disease. Periodontitis. Prostate cancer.

Resumen

Este estudio tiene como objetivo determinar la asociación entre la enfermedad periodontal y el cáncer de próstata mediante 
una revisión sistemática y metaanálisis. Se revisaron todos los estudios observacionales que investigaron la asociación entre 
la enfermedad periodontal y el cáncer de próstata publicados en PubMed, Scopus, ScienceDirect y Google Scholar desde 
su inicio hasta 2024. Se utilizó la escala Newcastle-Ottawa para evaluar la calidad del estudio. Para todos los análisis esta-
dísticos se utilizó el software Stata versión 17.0. Los resultados del estudio se informaron como razones de probabilidades 
(OR) con intervalos de confianza (CI) del 95% a través de un metaanálisis de modelos de efectos fijos o aleatorios. Finalmente 
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Introduction

Periodontal disease (PD) is a chronic disease caused 
by inflammation related to infection, which has a nega-
tive impact on the tooth’s supporting structures1. The 
main etiology of PD is aggressive disorganized biofilm 
and periodontal microorganisms2. At present, PD remains 
a global public health issue, as evidenced by 1.09 billion 
cases and 91.5 million new cases recorded in 2019 glob-
ally3. PD disrupts the chewing process, lowers quality of 
life, reduces self-confidence, and affects dental esthet-
ics4-6. Moreover, PD has been linked to various chronic 
diseases and systemic conditions7-12, including cancer13.

Prostate cancer (PC) is a type of non-skin cancer 
which is caused by chronic inflammation and infection 
of the prostate gland14. With about 1.4 million new 
cases and over 365,000 deaths annually, PC is one of 
the most prevalent malignancies in the world15. Risk 
factors for PC include tobacco/cigarettes use, diet, 
physical activity, metabolic syndrome, alcohol intake, 
and specific medications16-19.

Evidence suggests that PD is linked to the develop-
ment of PC. An imbalance of oral pathogens has been 
linked to infection and inflammation of the prostate 
gland20. This evidence is corroborated by a study of the 
relationship between oral microbiome and PC, where 
the relationship is believed to be due to chronic inflam-
mation, periodontal pathogens, periodontal inflamma-
tory mediators and their expression, and the induction 
of inflammatory cytokines in neoplastic tissue21. In addi-
tion, PD and PC shared several risk factors, including 
smoking, drug use, age, genetic predisposition, and 
diet16,22,23.

Exploration of the link between PD and PC showed 
inconsistent conclusions. Some studies showed a sig-
nificant24-27, whereas others showed no significant asso-
ciation28-32. In addition, two meta-analyses conducted in 
the previous 5 years did conclude that PD was associ-
ated with an increased risk of PC33,34; however, one of 
these meta-analyses included studies with ineligible 
comparisons, which could have been highly biased. In 
addition, meta-analysis needs to be reconducted to 

update the studies published afterward. Therefore, this 
study aims to determine the relationship between PD 
and PC using a systematic review with meta-analysis.

Material and methods

Protocol and registration

This study is a systematic review and meta-analysis 
following the PRISMA 2020 guidelines35. The study pro-
tocol was registered in PROSPERO with registration 
number CRD420250654902 (available on www.crd.
york.ac.uk/).

Focused question

The research question in this study was “Is there an 
association between PD and PC?” To address the 
research question, the population, exposure, compari-
son, outcomes, and study framework were applied, 
detailed in table 1.

Search strategy

A systematic and comprehensive literature was con-
ducted in PubMed, Scopus, ScienceDirect, and Google 
Scholar from inception to 2024. Terms applied in litera-
ture search are as follows: (“periodontal” [All Fields] OR 
“periodontally” [All Fields] OR “periodontically” [All 
Fields] OR “periodontics” [MeSH Terms] OR “periodon-
tics” [All Fields] OR “periodontic” [All Fields] OR “peri-
odontitis” [MeSH Terms] OR “periodontitis” [All Fields] 
OR “periodontitides” [All Fields]) AND (“prostatic neo-
plasms” [MeSH Terms] OR (“prostatic” [All Fields] AND 
“neoplasms” [All Fields]) OR “prostatic neoplasms” [All 
Fields] OR (“prostate” [All Fields] AND “cancer” [All 
Fields]) OR “ prostate cancer” [All Fields]).

Eligibility criteria

Studies were included if they satisfied the subse-
quent requirements for inclusion: (1) any observational 

se incluyeron en este metanálisis nueve estudios que incluyeron a 621.982 participantes varones ≥ 20 años. El metaanálisis 
del modelo de efectos fijos reveló una asociación significativa entre la enfermedad periodontal y el cáncer de próstata 
(OR = 1,19; 95% CI = 1,12-1,28; p = 0,0000). El presente metaanálisis fue sólido sobre la base de los resultados del análi-
sis de sensibilidad. Este metaanálisis demuestra una asociación significativa entre la enfermedad periodontal y el cáncer 
de próstata, potencialmente impulsada por la inflamación crónica y la migración de bacterias patógenas periodontales.

Palabras clave: Salud bucal. Enfermedad periodontal. Periodontitis. Cáncer de próstata.
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studies (cohort, case–control, or cross-sectional stud-
ies), (2) research subjects using two groups: PD group 
and non-PD group or healthy periodontal condition group, 
(3) articles reporting odds ratio (OR), relative risk (RR), or 
hazard ratio (HR) with 95% confidence interval (CI), and 
(4) peer-reviewed full-text articles. Conversely, studies 
were excluded if they met the exclusion criteria, includ-
ing review articles, editorials, experimental articles, 
commentaries, case reports, and case series. For two 
or more studies using the same dataset, if any, we 
selected and included the study involving larger partic-
ipants and/or having more rigorous and comprehensive 
methods. Other restraints, including publication year 
and language, were not applied. Therefore, all articles 
published from inception to 2024 were taken into con-
sideration for inclusion, which provided that they satis-
fied the inclusion criteria.

Quality assessment

Study quality was assessed using the Newcastle-
Ottawa Scale (NOS)36. NOS has three assessment 
categories, namely, selection, comparability, and out-
come with maximum scores of four, two, and three, 
respectively. The NOS assessment has a total score 
range of 0-9, with ≥ 7 denoting high quality, 4-6 denot-
ing moderate quality, and ≤ 4 denoting low quality. Two 
reviewers (FMR and RA) were assigned to assess the 
study quality and validated by the senior researcher 
(JI). Any discrepancies between reviewers in the study 
quality assessment process were resolved through 
careful discussion and decision-making.

Data extraction

Two authors (R.A. and S.M.C.) independently read all 
included articles and extracted data. Table was used 

to extract data from each included study, consisting of 
authors/references, country, study design, sample size, 
age, PD assessment, PC assessment, adjustments for 
confounding factors, and estimates in the form of OR, 
RR, or HR along with 95% CI. Furthermore, all study 
data were comprehensively discussed quantitatively 
and qualitatively in the discussion.

Statistical analysis

For all statistical analyses, Stata version 17.0 software 
(StataCorp LLC, College Station, Texas, USA) was used. 
The findings in this meta-analysis were reported with 
forest plots and presented as pooled OR with 95% CI to 
measure the association between PD and PC. RR and HR 
were treated as OR when combined in this meta-analysis. 
We performed the study heterogeneity analysis (I2) with 
the stipulation of low and high heterogeneity if I2 was 
≤ 50% (or p ≥ 0.1) and > 50% (or p < 0.1), respectively. 
If study heterogeneity was low, a fixed-effects model 
meta-analysis was used, whereas a random-effects 
model meta-analysis was applied if study heterogeneity 
was high37. Subgroup analyses were also performed 
stratified by country region, study design, sample size 
(< 10.000 and ≥ 10.000), and follow-up period (< 15 and 
≥ 15 years). Funnel plot was not used in this study, in 
accordance with the provision that funnel plot is used if 
the number of included studies is more than 10 stud-
ies38; however, publication bias analysis was performed 
using Egger’s test39 and Begg and Mazumdar’s test40. 
Sensitivity analysis was conducted to analyze the robust-
ness of the meta-analysis, using the leave-one-out 
method by omitting the studies one by one and then 
re-analyzing the remaining studies41.

Results

Study selection

The literature search in electronic databases yielded, 
after any duplicates were removed, 1,159 records. After 
initial screening, 676 papers were excluded, 483 arti-
cles remain. Four hundred and fifty-three reports were 
not retrieved based on screening on titles and abstracts; 
30 articles remain. The remaining articles were 
screened for eligibility, with 23 articles excluded due to 
irrelevant objectives, review articles, method issues, 
ineligible comparisons, and covering the same dataset. 
In addition, we also conducted a literature search 
through other sources, including citation searches, and 
obtained two records that met the inclusion criteria. 

Table 1. PECOS framework

Element Details

Population Male population

Exposure PD

Comparison Men without PD or healthy controls

Outcomes PC

Study Cohort, case‑control, cross‑sectional studies

PD: periodontal disease; PC: prostate cancer; PECOS: population, exposure, 
comparison, outcomes, and study.
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Nine studies were finally included in this meta-analysis. 
The study selection process is depicted in figure 1.

Characteristics of included studies

This meta-analysis involved nine cohort studies with 
a total of 621,982 male participants in several regions 
in Asia including Taiwan25,26 and South Korea27, Europe 
including Sweden24,30 and Finland28, and North America 
including the USA29,31,32. Based on the study design, 
six articles were prospective cohort studies and the 
remaining three were retrospective cohort studies. 
Table 2 describes the characteristics of every study that 
was included.

Quality assessment of included studies

The results of quality assessment showed that three 
studies25,28,30 received an overall score of 9, two stud-
ies27,32 received an overall score of 8, and four stud-
ies24,26,29,31 were assessed with a total score of 7. In 
conclusion, all studies included in this meta-analysis 
were of high quality.

Association between PD and PC

The results of a fixed-effects model meta-analysis 
showed that PD was significantly associated with PC 
(OR = 1.19; 95% CI = 1.12-1.28; p = 0.0000), with het-
erogeneity test showing low heterogeneity (p = 0.42; 
I2 = 2.33%), (Fig. 2).

Subgroup analysis of the association 
between PD and PC

Subgroup meta-analyses stratified by country region, 
study design, sample size, and follow-up period were 
performed. All subgroup meta-analyses are presented 
in table 3.

Based on a meta-analysis stratified by country 
regions, PD was significantly associated with PC in 
Asian (OR = 1.20; 95% CI = 1.11-1.30) and European 
populations (OR = 1.55; 95% CI = 1.16-2.06), but not 
significantly in North American populations (OR = 1.10; 
95% CI = 0.95-1.27). PD and PC were observed to be 
significantly associated based on both prospective 
(OR = 1.20; 95% CI = 1.11-1.30) and retrospective 
cohort study designs (OR = 1.18; 95% CI = 1.05-1.33). 

Figure 1. PRISMA flowchart.
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In terms of sample size, the association between PD 
and PC was considered significant in studies with sam-
ple sizes of more than 10,000 men (OR = 1.20; 95% 
CI = 1.12-1.29); conversely, it was not significant in 

studies with sample sizes of < 10,000 men (OR = 1.32; 
95% CI = 0.97-1.79). Subgroup analysis stratified by 
follow-up period showed a significant association 
between PD and PC both in follow-up periods < 15 years 

Table 3. Subgroup analysis of the association between PD and PC

Subgroup Studies (n) OR (95% CI) p Heterogeneity

p I2 (%)

Overall 9 1.19 (1.12‑1.28) 0.0000 0.42 2.33

Country
Asia
Europe
North America

 
3
3
3

 
1.20 (1.11‑1.30)
1.55 (1.16‑2.06)
1.10 (0.95‑1.27)

0.0000
0.003
0.23

 
0.52
0.87
0.33

  
0.00
0.00

10.16

Study design
Prospective cohort
Retrospective cohort

 
6
3

 
1.20 (1.11‑1.30)
1.18 (1.05‑1.33)

 
0.0000
0.005

 
0.26
0.43

 
22.68
0.00

Sample size
< 10,000
≥ 10,000

 
4
5

 
1.32 (0.97‑1.79)
1.20 (1.12‑1.29)

 
0.08

0.0000

 
0.10
0.75

 
52.63
0.00

Follow‑up period
< 15
≥ 15

 
6
3

 
1.18 (1.10‑1.27)
1.29 (1.08‑1.54)

 
0.0000
0.006

 
0.38
0.34

 
5.03
7.27

PD: periodontal disease; PC: prostate cancer, OR: odds ratio; CI: confidence interval.

Figure 2. Forest plot of the association between periodontal disease and prostate cancer.
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(OR = 1.18; 95% CI = 1.10-1.27) and ≥ 15  years 
(OR = 1.29; 95% CI = 1.08-1.54).

Sensitivity analysis
The leave-one-out method was used for the sensitiv-

ity analysis of this meta-analysis. The results of remov-
ing one study at a time showed no significant changes 
in the pooled OR and 95% CI or p-value (Fig. 3). The 
results of this sensitivity analysis reveal that the results 
of this meta-analysis are robust.

Publication bias

There was no publication bias observed across the 
studies, according to the results of the Egger’s test 
(p = 0.1025) and the Begg and Mazumdar’s test (p = 0.1753).

Discussion

The present meta-analysis, which included nine 
cohort studies with a total of 621,982 male participants, 
found that PD had a significant association with PC. 
Subgroup meta-analysis stratified by study design and 
follow-up period resulted in consistent and significant 
results, but non-significant results were found when 
stratified by country and sample size. However, this 

meta-analysis is robust based on the results of sensi-
tivity analysis, and no publication bias was observed 
based on the results of the Egger’s test and the Begg 
and Mazumdar’s test.

A previous meta-analysis was conducted by Wei 
et al.34 in 2020 which included seven studies with 
293,904 participants. Around the same year, a similar 
meta-analysis was also conducted by Guo et al.33 
involving 440,911 participants from nine studies. 
However, their meta-analysis included three studies42-44 
that were excluded in our meta-analysis due to the 
ineligibility of the comparisons, where two studies42,43 
did not have a periodontally healthy control group and 
one44 used a comparison of gingivitis patients. 
Therefore, with the addition of new studies with a total 
of 621,982 participants and the tightening of study 
selection, our meta-analysis is the most recent and 
most comprehensive to date.

To date, the mechanisms explaining the link between 
PD and PC have not been clearly mapped, but chronic 
inflammation and periodontal pathogens invasion are 
believed to be linked to the risk of PC. It is caused by 
the spread of bacteria and/or bacterial toxins from the 
oral cavity or periodontal tissue through the blood-
stream, causing chronic systemic inflammation. This 
condition, in turn, increases the risk of initiating 
neoplastic transformation45,46. Other evidence 

Figure 3. Leave-one-out analysis of sensitivity.



180 Urol. Colomb. 2025;34(3) / eISSN: 2027-0119

suggests that migration of certain periodontal patho-
gens, Porphyromonas gingivalis, Treponema denticola, 
Fusobacterium nucleatum, and Actinobacillus acti-
nomycetemcomitans, to the prostate gland contrib-
utes to prostatic inflammation and the development 
of PC21.

P. gingivalis, one of the most common periodontal 
pathogens, has carcinogenic properties, where the 
pathogen inhibits apoptosis, increases cellular mitosis 
and proliferation, decreases adaptation to oxidative 
stress, induces cyclooxygenase-2, and induces immune 
pathways such as Toll-like receptor, causing production 
of inflammatory mediators such as tumor necrosis fac-
tor-α, interleukin (IL)-6, IL-8, IL-1β, prostaglandin E2, 
and matrix metalloproteinases47-49. Further evidence 
reveals that programmed cell death ligand 1 (PD-L1) 
expression on PC cells is increased after P. gingivalis 
infection50, where high PD-L1 expression has been 
associated with proliferation, aggressiveness, and as 
an unfavorable prognostic indicator in PC patients51. 
Lipopolysaccharide from P. gingivalis also activates the 
AKT pathway through IL-6/IL-6Rα/glycoprotein 130, 
triggering unbalanced proliferation and apoptosis of 
prostate cells49. In conclusion, evidence suggests that 
periodontal pathogens contribute to systemic chronic 
inflammation that further increases the risk of develop-
ing PC. However, the exact mechanism of the associ-
ation between PD and PC needs to be proven through 
future studies.

There are several strengths to our meta-analysis. 
First, this is an update and improvement of previous 
meta-analyses, making this study the most recent and 
more comprehensive to date. Second, study selection 
was conducted comprehensively, without any restraint 
on the year of publication or language, and was quite 
serious in addressing, especially, cohort studies that 
are prone to using the same dataset. Third, the included 
studies exhibited high quality according to two review-
ers’ quality evaluation results and senior researcher 
validation. Fourth, this meta-analysis has low hetero-
geneity, no publication bias, and robust sensitivity anal-
ysis results. Fifth, the estimates used in each study are 
estimates that have been adjusted for confounding 
factors.

Nonetheless, this meta-analysis acknowledges sev-
eral limitations. First, controversy in the assessment 
of PD remains, with two studies24,31 using self-report 
to categorize PD participants, one study28 using med-
ical records, and six studies25-27,29,30,32 using stan-
dard oral examination and/or clinical diagnosis. These 

conceptual differences may affect the final results. 
Second, no subgroup analysis stratified by the sever-
ity of PD was conducted, because almost all studies 
did not analyze the association between PD severity 
and PC. These two limitations are our concern, where 
the establishment of PD diagnosis for future studies 
may be warranted using the latest criteria to make the 
results more valid52 and analysis based on the PD 
severity on PC could be conducted to evaluate their 
link based on the PD severity. Finally, future studies 
with robust methods regarding the criteria and sever-
ity of PD may address the limitations of this study.

Conclusion

This meta-analysis shows a significant association 
between PD and PC. Chronic inflammation and migration 
of periodontal pathogens to the prostate gland are 
thought to be one of the mechanisms of PC develop-
ment. Future studies may be conducted using larger 
sample size, more rigorous methods in establishing the 
diagnosis of PD and PC, and exploring the impact of 
periodontal treatment interventions on PC development.
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