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Background

The impact of long-term chronic periodontal conditions on the risk of lung cancer could not be accurately evaluated. Our aim was to provide more evidence on the connection between chronic periodontitis (CP) and lung cancer using a nationwide dataset.





Methods

This study used data from the Korean National Health Insurance Service National Sample Cohort. We enrolled 72,658 individuals with CP (CP cohort) between 2005 and 2019 and 1:1 age- and sex-matched controls without CP (non-CP cohort).





Results

During the median follow-up period of 5.1 (interquartile range, 2.8–8.0) years, 0.56% (n = 405/72,658) of the CP cohort and 0.29% (n = 212/72,658) of the matched non-CP cohort developed lung cancer, with incidence rates of 8.3 and 4.5 per 10,000 person-years. The risk of incident lung cancer was significantly higher in the CP cohort than in the matched non-CP cohort (adjusted hazard ratio = 2.27, 95% confidence interval = 1.94–2.65). The risk of incident lung cancer was 2.45-fold and 2.10-fold higher in mild and moderate-to-severe CP cohorts than in the matched non-CP control. The risk of incident lung cancer was especially higher in the 40–59 age group, females, and never-smokers than their counterparts.





Conclusion

We demonstrate that the risk of incident lung cancer is higher in individuals with CP than in those without. The risk of lung cancer was especially high in individuals with more severe CP, females, never-smokers, and obese populations.
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Introduction

Periodontal disease stems from the infection and inflammation affecting the supportive and anchoring tissues for teeth. This disease encompasses a range from mild gingivitis to more harmful periodontitis, marked by severe degradation of attachment structures like the alveolar bone and periodontal ligament, often resulting in tooth loss (1). Approximately 10% of the global population suffers from severe periodontitis (2).

Research indicates that periodontal disease, which is highly prevalent and affects approximately 90% of the world’s population (3), is correlated with an increased risk of lung cancer (4–6), even when accounting for smoking (5, 7, 8), which contributes to both periodontal disease and lung cancer. Interestingly, when evaluating this issue, in most previous studies, various types of periodontal disease, including acute periodontitis were included (1, 4–10). However, considering longstanding inflammatory conditions are more likely to be linked to carcinogenesis (11), it might be more plausible to focus on the impact of “chronic” periodontal diseases on lung cancer risk rather than evaluating any types of periodontal diseases as a whole. In addition, since most studies were conducted in Western societies (USA, Sweden, or Greece), little information is available in Asian societies (1, 10).

Accordingly, our objective was to contribute further evidence regarding the association between CP and lung cancer incidence within an Asian population by conducting an extensive analysis of a nationwide large dataset. To examine the impact of chronic inflammation and infection resulting from periodontal diseases on the incidence of lung cancer, we specifically focused on chronic periodontitis (CP) among various periodontal conditions. Additionally, we explored how the severity of CP influences the occurrence of lung cancer.





Methods




Data source

This study used data from the Korean National Health Insurance Service National Sample Cohort (NHIS-NSC), including a 2.2% representative sample of Korean citizens. In Korea, NHIS, a universal insurance provider managed by the government covers 97% of the Koran population, approximately 50 million citizens (12). The NHIS-NSC dataset includes information on demographic and socioeconomic variables (e.g., age, sex, income status, residential area), healthcare utilization, health screening examination findings, disease diagnosis under International Classification of Diseases-10th Revision (ICD-10) codes, drug prescription, and death. The NHIS-NSC has been widely used in various epidemiologic studies (13).

This study was approved by the Institutional Review Board of Hanyang University Hospital (IRB No. HYUH 2022-09-031). The requirement of informed consent from the participants was waived because the NHIS database was constructed after anonymization.





Study population

A total of 1,137,861 patients were identified between January 1, 2002, and December 31, 2019. We excluded 147,520 patients who received a diagnosis of any periodontitis between January 1, 2002, and December 31, 2004. Among the remaining 990,341 patients, 565,835 patients had at least one new CP diagnosis code and 424,506 patients did not have CP diagnosis code. The index date was defined as the date when the patients received the first CP diagnosis code.

To establish the CP cohort, 147,049 patients having CP diagnosis codes twice per year and at least one treatment code within 1 year of the first diagnosis were further selected. Among those, patients who were younger than 20 years (n = 5,185) and those who were diagnosed with any type of cancer before the index date (n = 6,520) were excluded. In addition, patients who were diagnosed with lung cancer within 1 year after the index date (n = 72), those who died within 1 year after the index date (n = 208), and those who had any missing health screening data (n = 50,052) were also excluded from the CP cohort. A total of 85,012 patients were enrolled in the CP cohort.

To establish the non-CP cohort, of the initial pool of 424,506 patients without CP diagnosis code, we excluded the patients who met the same exclusion criteria applied to the CP cohort (i.e., under 20 years of age, any cancer before the index date, death or lung cancer diagnosis within 1 year after the index date, and health screening data unavailable). A total of 138,445 patients were enrolled in the non-CP cohort.

Thereafter, we performed 1:1 matching between the CP and non-CP cohorts based on age and sex and finally enrolled 72,658 patients for the CP and non-CP cohorts (Figure 1). Individuals were followed up for 1 year after study enrolment to the date of lung cancer diagnosis, death, or Dec 2019.




Figure 1 | Flow chart of study population.








Exposure

The exposure of this study was periodontitis, of which the definition required 1) diagnosis codes with periodontitis ICD-10 code (K05.3) twice per year and 2) at least one treatment code (U2232, U2233, U2240, U1010, U4411, U4412, U1051, U1052, U1701, U1702, U1081, U1082, and U1083) within 1 year of the first diagnosis.

The CP cohort was divided into 3 groups according to the severity of periodontitis (mild, moderate, and severe CP), and the severity of periodontal disease was classified according to CP-related treatment (14). Patients with periodontitis who underwent scaling (U2232, U2233) and root planning (U2240) were classified into the mild CP group, while patients who only received subgingival curettage (U1010) were classified into the moderate periodontitis group. Patients who underwent tooth extraction and severe dental treatment such as tooth extraction (U4411, U4412), periodontal flap operation (U1051, U1052), bone graft for alveolar bone defects (U1071, U1702), and guided tissue regeneration (U1081, U1082, U1083), were assigned to the severe CP group.




Study outcomes

The primary outcome of this study was newly diagnosed lung cancer during the follow-up period. Lung cancer was defined by an ICD-10 code of C34. The study population was followed from 1 year after the index date to the date of lung cancer event, date of death, or until the end of the study period (December 31, 2019), whichever came first.





Covariates

Household income was categorized into quartiles based on insurance premium levels (in Korea, insurance premiums are determined by income level), with those covered by Medical Aid (poorest 3%) being merged into the lowest income quartile (15–17). The lowest income quartile group was defined as “low income”. Detailed information on the patient’s smoking status was obtained through self-reported questionnaires. Smoking status was categorized into never, former, and current smokers. Body mass index (BMI) was calculated as the participant’s body weight (kg) divided by the square of the participant’s height (m2) and was categorized as low (<18.5), normal (18.5–22.9), overweight (23–24.9), and obese (≥25) according to the Asia-Pacific BMI criteria established by the World Health Organization. The Charlson Comorbidity Index (CCI) was categorized as 0, 1 to 2, or ≥ 3 to assess the overall comorbidity load (18).






Statistical analysis

The baseline characteristics are presented as mean ± standard deviation (SD) for continuous variables and numbers with percentages for categorical variables. We compared the two groups using the χ2 test for categorical variables, and t-tests for continuous variables. The incidence rates of lung cancer were estimated as the number of events per 10,000 person-years. The cumulative incidence of lung cancer was presented using the Kaplan-Meier curve.

Cox proportional hazards regression analyses were used to evaluate the risk of incident lung cancer in the CP cohort versus the matched non-CP cohort. Model 1 was unadjusted, and Model 2 was adjusted for BMI and smoking status. Model 3 was further adjusted for low income, and CCI in addition to the variables adjusted in Model 2. Stratified analyses were performed based on age, sex, smoking status, BMI, and CCI. A two-sided p-value < 0.05 was considered statistically significant, and all analyses were conducted using SAS 9.4 (SAS Institute Inc., Cary, NC, USA) and graphs were generated using R software version 4.2.1 (Vienna, Austria).





Results




Baseline characteristics

The baseline characteristics of the study population are summarized in Table 1. The mean age of the study population was 46.5 years (SD, 13.4 years) and 50.8% were males.


Table 1 | Baseline characteristics of study participants.



In terms of age and sex, both groups were well-balanced (p > 0.999). The proportion of ex-smokers, obesity, and comorbidities except for chronic kidney disease (p = 0.281), was significantly higher in the CP cohort than in the non-CP cohort (p < 0.001 for all). Additionally, the CCI score was higher in the CP cohort than in the non-CP cohort (p < 0.001, p for trend < 0.001).

In the CP cohort, the proportion of mild, moderate, and severe CP was 52.7% (n = 38,292), 35.9% (n = 26,073), and 11.4% (n = 8,293), respectively.





Incidence and risk of lung cancer

During the median follow-up period of 5.1 (interquartile range, 2.8–8.0) years, 0.56% (405/72,658) of the CP cohort and 0.29% (212/72,658) of the matched non-CP cohort developed lung cancer, with incidence rates of 8.3 and 4.5 per 10,000 person-years, respectively. Even after adjusting for potential confounders, the risk of incident lung cancer was also significantly higher in the CP cohort than in the matched non-CP cohort: unadjusted hazard ratio (HR) = 2.06, 95% confidence interval [CI] = 1.80–2.37; adjusted HR in Model 2 = 2.29, 95% CI = 1.96–2.67; adjusted HR in Model 3 = 2.27, 95% CI 1.94–2.65) (Table 2). Similarly, a cumulative incidence plot depicts a significantly higher incidence of lung cancer in the CP cohort than in the matched non-CP cohort (a log-rank p < 0.001; Figure 2A).


Table 2 | Subdistribution incidence and HRs for Incident lung cancer in the CP and matched non-CP cohort.






Figure 2 | (A) Cumulative incidence of lung cancer in CP cohort and matched non-CP cohort. (B) Cumulative incidence of lung cancer according to CP severity.



When CP was classified according to severity (control vs. mild vs. moderate-to-severe), 0.42% (162/38,292) of the mild CP cohort and 0.71% (243/34,366) of the moderate-to-severe CP cohort developed lung cancer, with incidence rates of 6.7 and 9.8 per 10,000 person-years, respectively. The risk of incident lung cancer was 2.10-fold (95% CI, 1.66–2.65) and 2.45-fold (95% CI, 1.97–3.04) higher in mild and moderate-to-severe CP cohorts than in matched non-CP controls (fully adjusted Model 3), respectively (Table 2). The cumulative incidence plot depicts similar results (a log-rank p < 0.001; Figure 2B).





Subgroup analysis

Stratified analyses regarding the risk of lung cancer among patients with CP compared with subjects without CP are shown in Table 3. Age, sex, and smoking had a significant interaction on the association of CP with lung cancer development (p for interaction < 0.001 for all). The risk of incident lung cancer was higher in the 40–59 age group, females, and never-smokers compared to their counterparts.


Table 3 | Subgroup analysis for the incidence of lung cancer the CP and matched non-CP cohort.








Discussion

This study provides longitudinal evidence from an Asian population, using nationwide data with a median follow-up of 5 years to explore the association between CP and lung cancer risk. We investigated whether CP is a predisposing factor for the development of lung cancer, and which factors are related to an increased risk of lung cancer among individuals with CP. The results showed that the CP cohort had a lung cancer incidence rate of 8.3 per 10,000 person-years, which is 2.3-fold higher compared with the matched non-CP cohort. There was a significant dose-dependent relationship between CP severity and lung cancer risk. The risk of incident lung cancer was 2.10-fold and 2.45-fold higher in mild and moderate-to-severe CP cohorts than in matched non-CP controls. Specifically, certain groups including those aged 40–59, females, and never smokers exhibited a higher susceptibility to lung cancer development.

Previous meta-analyses showed that the risk of lung cancer is 1.24 to 1.40-fold higher in individuals with periodontal disease compared to those without periodontal disease (6, 8, 19). However, in these meta-analyses, various types of periodontal disease were included. Considering longstanding inflammatory conditions are more likely to be linked to carcinogenesis, it might be more plausible to hypothesize chronic periodontal disease may be associated with increased lung cancer risk. As we assumed, the strength of the association between CP and lung cancer risk in our study (aHR = 2.3) was higher than that of previous meta-analyses as well as a previous result that was performed in a similar study population in Korea (1). Besides this issue, we also like to emphasize that there is not enough evidence on the association between periodontal disease and the risk of lung cancer in the Asian population. Since most studies included in the previous meta-analyses were conducted in Western society (4, 5, 8, 9), little information has been available on the Asian population (1, 10), needing supporting data on this population. From this view, our comprehensive analyses that considered numerous confounders (e.g., demographics, smoking status, and comorbid conditions) would be valuable by providing supporting information on this issue in Asian population.

The relationship between CP and lung cancer can be explained by the following hypotheses. First, the oral microbiome may influence lung cancer incidence. With mounting evidence highlighting the connection between human microorganisms and malignant tumors, it has become evident that a unique microbiome exists in the lungs, potentially exerting influence on the development of lung cancers (20). Recent findings from data using three prospective cohort studies in the US reinforce this notion (21). It has been proposed that these microorganisms predominantly originate from the oral microbiome through micro-aspiration of oral fluids (22). The potential mechanisms behind this phenomenon involve an increase in the inflammatory environment, which could promote carcinogenesis, microbial influences on host metabolism, and genotoxicity. Yan et al. discovered significantly elevated counts of Veillonella and Capnocytophaga species in the saliva of lung cancer patients (23). One study in ARIC study included 4,263 cancer-free participants with previously measured antibodies of oral bacteria, and 1,287 participants from whom subgingival plaque was collected (9). They reported positive associations with lung cancer for Fusobacterium nucleatum, Aggregatibacter actinomycetemcomitans, and Porphyromonas gingivalis counts, and significant positive associations were found for the count to antibody ratio for Prevotella intermedia and P. gingivalis (9).

P. gingivalis-stained sections exhibited significantly higher frequency and intensity in cancerous tissues of small cell lung cancer, lung adenocarcinoma, and lung squamous cell carcinoma, when compared to adjacent lung tissues (24). Furthermore, by evaluating immunoglobulin G (IgG) antibodies specific to P. gingivalis in the serum of lung cancer patients, researchers have identified a positive correlation between the antibody levels and the risk of developing lung cancer, as compared to a cohort of healthy controls (25). Similar to the findings related to P. gingivalis, a positive correlation has been identified between serum levels of IgG antibodies specific to F. nucleatum and the incidence of lung cancer (9). This alignment between antibody levels and lung cancer highlights a potential association between F. nucleatum and the pathogenesis of lung cancer.

Second, although the exact carcinogenic mechanisms remain unclear, periodontal disease, along with the release of inflammatory factors into the blood, might impact the incidence of lung cancer. One study investigated the relationship between immune surveillance mechanisms and periodontitis in cancer patients (26). In this study, the peripheral blood concentration of IL-6 was significantly higher in cancer patients than in non-cancer patients, and it was even higher in cancer patients with periodontitis compared to those without. Additionally, the peripheral blood proportion of regulatory T cells was significantly higher in cancer patients with periodontitis than in other groups (including cancer patients without periodontitis, non-cancer patients with periodontitis, and non-cancer patients without periodontitis). These results suggest that the presence of periodontitis might synergistically contribute to cancer development and progression. Other studies have also described a positive relationship between CP and systemic inflammation (27, 28), as well as the association between systemic inflammation and lung cancer development. CP leads to increased level of IL-6 as well as C-reactive protein, IFN-γ, and IL-1β (27–29). These periodontal pathogens and inflammation products enter the bloodstream, triggering a systemic inflammatory response (30). Previous studies have linked elevated levels of C-reactive protein, IL-6, IFN-γ, and IL-1β to an increased risk of lung cancer (31, 32).

In our study, a higher risk of lung cancer in the CP group versus controls was related to females and never-smokers. In females populations, it is known that gastroesophageal reflux disease (GERD) is more common than their counterparts (33); Considering CP-associated changes in oral microbiota might influence lung microbiota, which can influence the occurrence of lung cancer, through micro-aspiration of oral microbiota into the lungs. Interestingly, the risk of lung cancer in subjects with CP versus those without CP was more substantial among never-smokers. Although the reasons are not fully explainable, we carefully suggest that the impact of smoking on the development of lung cancer was more significant than that of CP, and, as a result, the influence of CP might have been relatively obscured among smokers.

We would like to suggest one important clinical implication of our study. Current lung cancer screening strategies do not reflect risk factors other than smoking status and age (34). However, numerous studies have revealed there are various important risk factors for lung cancers, such as air pollution, infectious/inflammatory conditions (e.g., tuberculosis, bronchiectasis, connective tissue diseases, chronic periodontitis, etc.) (35–37), which might be more important for lung cancer not related to smoking. From this view, our study results would be very helpful for building future lung cancer prediction models or strategies, although more studies are performed on which variables need to be included to build a cost-effective prediction model for lung cancer.

Our study has two important limitations. First, since this study was conducted in a Korean population, it may be difficult to generalize the study results to other ethnic and country groups. Second, CP, lung cancer, and comorbidities were determined using ICD-10 codes. Thus, there might be over or underestimation of the diagnoses.

In conclusion, a nationwide longitudinal database demonstrates that the risk of incident lung cancer is higher in individuals with CP than in those without, and the more severe the CP, the higher the risk of lung cancer. Additionally, our results suggest that CP may further influence lung cancer development in females and never-smokers. Providing care and treatment for CP in these populations will be particularly important.
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