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Background

The aim of this study was to examine the longitudinal association between oral health parameters and osteoporotic fracture.





Methods

The study included participants who received oral health screening by dentists from the National Health Screening cohort database of Korea between 2003 and 2006. The primary outcome was osteoporotic fracture occurrence, which was defined using specific international classification of diseases-10 codes; vertebral fracture (S22.0, S22.1, S32.0, S32.7, T08, M48.4, M48.5, and M49.5), hip fracture (S72.0 and S72.1), distal radius fracture (S52.5 and S52.6), and humerus fracture (S42.2 and S42.3). The presence of periodontitis and various oral health examination findings, such as missing teeth, caries, frequency of tooth brushing, and dental scaling, were analyzed using a Cox proportional hazard model to assess their association with osteoporotic fracture occurrence.





Results

The analysis included a total of 194,192 participants, among whom 16,683 (8.59%) developed osteoporotic fracture during a median follow-up of 10.3 years. Poor oral health status, including periodontitis (adjusted hazard ratio [aHR]: 1.09, 95% confidence interval [CI]: 1.01–1.18, p = 0.039), a higher number of missing teeth (≥15; aHR: 1.59, 95% CI: 1.45–1.75, p < 0.001), and dental caries (≥6; aHR: 1.17, 95% CI: 1.02–1.35, p = 0.030), was associated with an increased risk of osteoporotic fracture. On the other hand, better oral hygiene behaviors such as brushing teeth frequently (≥3 times per day; aHR: 0.82, 95% CI: 0.78–0.86, p < 0.001) and having dental scaling within 1 year (aHR: 0.87, 95% CI: 0.84–0.90, p < 0.001) were negatively associated with the occurrence of osteoporotic fracture.





Conclusion

The study found that poor oral health, such as periodontitis, missing teeth, and dental caries, was associated with an increased risk of osteoporotic fracture. Conversely, good oral hygiene behaviors like frequent teeth brushing and dental scaling within 1 year were associated with a reduced risk. Further research is needed to confirm this association.





Keywords: periodontitis, oral hygiene, tooth brushing, osteoporotic fracture, epidemiology





Introduction

Oral health issues including periodontitis, dental caries, and tooth loss are common health concerns that affect a large portion of the population (1, 2). Poor oral health conditions not only have negative impacts on oral health but also exhibit a systematic association with or can potentially trigger the onset of a range of diseases in the human body (3, 4). As an instance, periodontitis can cause both local and systemic inflammation, not only in the oral cavity but throughout the human body. Various systemic diseases, including cardiovascular disease, diabetes, neurodegenerative diseases, and certain cancers, have been found to have a higher incidence among individuals with poor oral health, including tooth loss and dental caries (4–9).

Osteoporotic fractures are a common and serious health concern for humans, with incidence rates increasing with age and exponentially rising in accordance with the global demographic shift towards an aging society (10). These fractures can cause disability and have a significant economic burden on society (10, 11). Hip and spinal fractures are particularly severe, and can result in mortality for those affected (12). Risk factors for osteoporotic fracture include premature menopause, low body mass index, smoking, alcohol, physical inactivity, steroid use, and vitamin D insufficiency. However, further research is needed to identify modifiable or preventable risk factors and associations for osteoporotic fractures (13). For example, systemic inflammatory reactions and diseases such as rheumatoid arthritis are closely linked to osteoporotic fractures (14, 15).

Systemic inflammation resulting from impaired oral health status can contribute to the development of diseases in distant organs. Oral health problems like periodontitis, dental caries, and tooth loss are closely linked to systemic inflammation, which may suggest a potential link between oral health and osteoporotic fractures. We hypothesized that a correlation might exist between poor oral health status and an increased risk of osteoporotic fracture, and conversely, better oral hygiene practices could be associated with a lower risk of osteoporotic fracture. Therefore, we conducted a longitudinal study using a nationwide population-based cohort database to explore the association between oral health examination results and the incidence of osteoporotic fractures.





Methods




Data source

This study utilized the NHIS-HEALS (National Health Insurance Service-National Health Screening) cohort database from Korea, which is a government-administered and supported system. The NHIS is the primary insurance provider in Korea, covering almost 97% of the population, while the remaining 3% are supported by the Medical Aid program administered by the NHIS (16–18). Standardized health screenings are recommended for NHIS subscribers every 1-2 years. Around 510,000 individuals between the ages of 40 and 79, representing approximately 10% of the total population, were included in the NIHS-HEALS cohort as they participated in health screenings (19, 20). Individual health screening data, such as weight, height, blood pressure, and laboratory test results, are included in the NIHS-HEALS cohort database. Additionally, the database contains demographic and socioeconomic information, as well as diagnosis, prescription, and treatment claim data. During the health screening process, lifestyle questionnaires are administered, which inquire about oral hygiene behaviors such as tooth brushing frequency and annual dental visits. The examination by a dentist also includes an evaluation of dental health problems, such as dental caries or the number of missing teeth. The analysis was approved by the Institutional Review Board of Ewha Womans University College of Medicine under the reference number 2020-08-018, and a consent waiver was granted for the study. All methods were carried out in accordance with relevant guidelines and regulations that is Declaration of Helsinki.





Study population

This study utilized the NHIS-HEALS database to identify participants who underwent an oral health examination between 2003 and 2006 (n=222,393). Participants were excluded if data on at least one variable of interest was missing (n=26,142), or if they had a history of osteoporotic fracture from January 2002 until the day before their oral health examination (n=2,059). The final sample included 194,192 participants (Figure 1).




Figure 1 | Flow chart of study subjects.







Definition and variables

For this study, the index date was designated as the date of the oral health examination. On this day, baseline characteristics such as age, sex, household income, and body mass index were recorded. Further details about variable definition can be found in the Supplementary Methods section.

In order to identify periodontitis in the participants, the period between January 2002 and the index date was evaluated based on the following criteria: 1) two or more claims of ICD-10 codes K052-054 (including acute periodontitis [K052], chronic periodontitis [K053], and periodontitis [K054]) accompanied by at least one claim of treatment codes associated with periodontitis, or 2) identification of a periodontal pocket during oral health examination conducted by a dentist (2, 5). During the oral health examination, a dentist assessed the presence of dental caries and the number of missing teeth. The participants self-reported their oral hygiene behaviors, including the frequency of tooth brushing per day, dental visits within the past year, and dental scaling within the past year. If the oral health examination was conducted more than once, the latest data were used for analysis.





Study outcomes

The primary outcome of this study was the incidence of osteoporotic fracture. Osteoporotic fracture was defined using ICD-10 codes based on the osteoporotic fracture fact sheet provided by the Korean Society of Bone and Mineral Research. Specifically, it included vertebral fracture (S22.0, S22.1, S32.0, S32.7, T08, M48.4, M48.5, and M49.5), hip fracture (S72.0 and S72.1), distal radius fracture (S52.5 and S52.6), and humerus fracture (S42.2 and S42.3) (12). The follow-up period was from the index date to the occurrence of osteoporotic fracture, death, or December 2015, whichever occurred first, using the NHIS-HEALS database.





Statistical analysis

To assess the differences in baseline characteristics between the groups, the chi-square test was used for categorical variables and the independent t-test was used for continuous variables. The categorical variables were reported as percentages and numbers, while the continuous variables were reported as mean and standard deviation. To explore the potential link between periodontitis and osteoporotic fracture, we conducted propensity score matching (PSM) with a 1:1 ratio using the greedy nearest-neighbor algorithm to balance the baseline characteristics between the periodontitis and non-periodontitis groups and minimize potential confounding. We used standardized mean differences to assess the appropriateness of PSM, and considered values less than 0.1 to indicate appropriate balance between the two groups. To evaluate the relationship between oral health parameters and the risk of incident osteoporotic fracture, Kaplan-Meier survival curves were utilized. The survival curves were compared using the log-rank test. The incidence rate of osteoporotic fractures was calculated by dividing the number of cases by the total person-years of observation. To examine the potential relationship between oral health parameters with the incidence of osteoporotic fractures, we employed Cox’s proportional hazard regression analysis, and determined hazard ratios (HRs) and their corresponding 95% confidence intervals (CIs). A multivariable regression model was constructed adjusting for age, sex, body mass index, household income, smoking status, alcohol consumption, regular physical activity, and comorbidities such as hypertension, diabetes mellitus, dyslipidemia, atrial fibrillation, and renal disease. We conducted subgroup analyses to investigate the association between the presence of periodontitis and osteoporotic fracture occurrence according to age, sex, and covariates. To assess the robustness of the findings, we conducted sensitivity analyses for each type of osteoporotic fracture (vertebral, hip, distal radius, and humerus fractures). The proportional hazards assumption was checked using Schoenfeld’s residuals, and no violations were detected. Statistical analysis was performed using SAS software (version 9.2, SAS Institute, Cary, NC). A significance level of p < 0.05 was used for all analyses.






Results

Table 1 displays the baseline characteristics and comparative analysis of the included participants with respect to the presence of periodontitis. Out of a total of 194,192 participants, 58.9% were male, and the average age was 53.6 ± 8.7 years. Among the participants, 1.1% had more than 15 missing teeth, 1.0% had six or more caries, and 37.1% brushed their teeth more than thrice a day. Supplementary Table 1 presents the baseline characteristics after performing propensity score matching.


Table 1 | Baseline characteristics of participants according to periodontitis.



Over a median follow-up of 10.3 years (interquartile range, 9.5-11.6 years), 16,683 (8.6%) participants developed osteoporotic fractures. Among these, there were 7,827 (4.0%) vertebral fractures, 1,866 (1.0%) hip fractures, 7,563 (3.9%) distal radius fractures, and 1,069 (0.6%) humerus fractures. The association of oral health parameters with osteoporotic fracture risk was evaluated using Kaplan-Meier survival curves, as shown in Figure 2. The incidence of osteoporotic fracture was significantly higher among participants with periodontitis (p = 0.019), increased number of missing teeth (p < 0.001), and dental caries (p = 0.021). a lower incidence of osteoporotic fracture was observed in individuals with better oral hygiene behaviors, such as brushing teeth more frequently, having visited a dental clinic within the past year, and having received dental scaling within the past year (p < 0.001; Supplementary Table 2).




Figure 2 | Kaplan–Meier survival curves for incident osteoporotic fracture according to oral health status and oral hygiene behaviors. (A) Periodontitis (p = 0.019). (B) Number of missing teeth (p < 0.001). (C) Number of dental caries (p = 0.008). (D) Frequency of tooth brushing (times/per day) (p < 0.001). (E) Dental visit for any reason within the past year (p < 0.001). (F) Dental scaling within the past year (p < 0.001).



In the multivariable analysis, a positive correlation was found between the presence of periodontitis and the occurrence of osteoporotic fracture (adjusted HR: 1.09, 95% CI: 1.01–1.18, p = 0.039) (Table 2). Furthermore, after PSM, the association between periodontitis and the occurrence of osteoporotic fractures remained significant (adjusted HR: 1.04, 95% CI: 1.01–1.06, p = 0.017). In our analysis, we found that an increased number of missing teeth was linked to a higher risk of osteoporotic fractures. The adjusted hazard ratios (with reference to individuals with no missing teeth) were 1.32 (95% CI: 1.20-1.45, p < 0.001) for those with 8-14 missing teeth and 1.59 (95% CI: 1.45-1.75, p < 0.001) for those with more than 15 missing teeth. The occurrence of osteoporotic fracture was found to be positively associated with an increased number of dental caries. Participants with more than six dental caries had an adjusted HR of 1.17 (95% CI: 1.02–1.35, p = 0.030) compared to those without dental caries. Additionally, there was an inverse correlation between the frequency of tooth brushing and the occurrence of osteoporotic fracture. Participants who brushed their teeth twice a day (adjusted HR: 0.90, 95% CI: 0.86–0.94, p < 0.001) and more than thrice a day (adjusted HR: 0.82, 95% CI: 0.78–0.86, p < 0.001) had a reduced risk for developing osteoporotic fractures compared to those who brushed less than once a day. Additionally, participants who had undergone dental scaling within the past year had a statistically significant decrease in the risk of osteoporotic fracture (adjusted HR: 0.87, 95% CI: 0.84–0.90, p < 0.001). Subgroup analysis demonstrated that the association between the presence of periodontitis and the occurrence of osteoporotic fracture remained consistent across all covariates (Supplementary Table 3).


Table 2 | Risk for the occurrence of osteoporotic fracture according to oral health status and oral hygiene behaviors.



In the sensitivity analysis, we consistently observed a correlation between oral health status and oral hygiene behaviors (excluding dental caries for vertebral fracture and the presence of periodontitis for hip fracture) and the occurrence of vertebral and hip fractures, similar to that of osteoporotic fracture (Supplementary Tables 4, 5). However, only frequent tooth brushing (more than thrice per day) was found to be associated with a reduced risk of distal radius fracture (Supplementary Table 6). In addition, we observed that an increased number of tooth loss was related to an increased risk of humerus fracture, while frequent tooth brushing was related to a decreased risk of humerus fracture (Supplementary Table 7).





Discussion

Our study’s main results showed that unfavorable oral health conditions, including periodontitis and a higher number of missing teeth, were linked with an elevated risk of osteoporotic fractures. In contrast, improved oral hygiene practices such as more frequent tooth brushing and previous dental scaling were associated with a decreased risk of osteoporotic fractures.

The systemic consequences of periodontitis and poor oral health are well documented, and various systemic diseases have been associated with them. For example, studies have shown that periodontitis is linked to an increased risk of cardiovascular disease and diabetes (2, 21, 22). Similarly, tooth loss, which is indicative of poor oral health, has been associated with a higher risk of cardiovascular diseases and hypertension (23, 24). Periodontitis or poor oral health status is also likely related to osteoporosis/osteoporotic fracture. Periodontitis is positively associated with osteoporosis, and the level of osteoporosis increases as the severity of periodontitis increases (25–27). Moedano et al. (28) assessed the association of osteoporosis, vertebral fracture risk, and periodontitis and found that periodontitis is positively associated with the severity of osteoporosis; furthermore, patients at a high risk of vertebral fractures have more missing teeth than those in the low-fracture risk group.

On the other hand, behaviors that reduce oral inflammation, such as regular tooth brushing and professional dental care, have been shown to decrease the risk of some systemic diseases. For example, increased frequency of tooth brushing has been associated with a lower risk of strok (7), atrial fibrillation, and heart failure (1). Regular dental check-ups and professional cleaning have also been found to attenuate the risk of cardiovascular events (24). In addition, oral hygiene care is potentially related to a lower risk of osteoporotic fracture. Huang et al. (29) demonstrated a 1.29-fold higher risk of osteoporosis in patients who have periodontitis and receive regular dental treatment compared with those who have no periodontitis. However, the risk for patients who have periodontitis and do not receive dental treatment is 6.02-fold higher than those who have no periodontitis. The study recommended that good oral hygiene should be maintained to prevent the deterioration of osteoporosis.

Most cross-sectional studies have been performed to demonstrate the association between osteoporosis and periodontitis. However, further information has yet to be obtained to describe whether periodontitis increases the risk of future osteoporotic fractures. Therefore, our study aimed to investigate the effect of oral health status by longitudinally tracking the occurrence of osteoporotic fractures. Our findings are significant since they indicate a clear association between oral health and the future risk of osteoporotic fractures. Additionally, our results suggest that preventing periodontitis and chronic oral inflammation through regular dental scaling and maintaining good oral hygiene practices could potentially lower the risk of future osteoporotic fractures.

Despite being unable to establish a direct causal relationship between poor oral health and the occurrence of osteoporotic fractures in our study, we propose a hypothesis to explain the correlation. Periodontitis is a chronic inflammatory disease caused by the accumulation of bacterial biofilm and immune responses. Other chronic inflammatory disorders, including inflammatory bowel disease and rheumatoid arthritis, have been linked to osteoporosis and an elevated risk of fractures (30). The mechanisms underlying the association between chronic inflammatory diseases and osteoporosis may also apply to the relationship between oral inflammation and osteoporosis/osteoporotic fracture.

The pathway of RANK (receptor activator of nuclear factor kappa B) – RANKL (RANK ligand) – OPG (osteoprotegerin) is recognized for its function in bone remodeling, where RANKL/RANK signaling controls the formation, activation, and survival of osteoclasts during regular bone modeling and remodeling. OPG inhibits osteoclast activation through the RANK receptor by binding to RANKL and increases bone volume and density (31, 32). Oral inflammation produces pro-inflammatory cytokines, which are osteoclastogenic bone resorption-inducing cytokines. These inflammatory cytokines upregulate RANKL to activate bone resorption and likely contribute to osteoclast generation from osteoclast progenitors (33, 34). Previous research has shown that patients with periodontitis have lower plasma OPG levels and an increased RANKL/OPG ratio (35, 36), which may contribute to increased systemic bone resorption. T cells triggered by periodontitis could also be implicated in systemic bone resorption. These cells act as regulators of bone turnover in various diseases, including periodontal disease (37), activating macrophages, indirectly activating osteoclasts and their precursors, and directly expressing RANKL (38). Brunetti et al. (37) demonstrated that RANKL is overexpressed in T lymphocyte samples from patients affected by periodontitis compared with that from healthy controls.

In our sensitivity analysis, we found that the occurrence of vertebral and hip fractures showed consistent results with the overall osteoporotic fractures according to oral health indicators. However, the risk of distal radius and humerus fractures based on oral health indicators did not yield consistent results. This study could not explain why the influence of oral health indicators was different in each fracture site. Future studies should aim to clarify the biological mechanisms that account for these regional differences. However, our results may suggest that periodontitis and oral health indicators may be related to each fracture sites through different mechanisms.

In the present study, potential confounders were included as covariates in statistical models to adjust for their influence on the main association. Body mass index was included due to its established correlation with fracture risk, particularly in cases of low body mass index (39). Lifestyle factors influencing bone health, such as alcohol consumption, smoking, and physical activity, were also included as risk factors associated with osteoporotic fractures (40). Additionally, we considered comorbidities that could affect the relationship between the oral health and osteoporotic fracture, including hypertension, diabetes, dyslipidemia, atrial fibrillation, and renal disease. Hypertension is associated with compromised calcium metabolism, which may lead to reduced bone density in the elderly due to increased urinary calcium excretion, thereby increasing fracture susceptibility (41). Additionally, both type 1 and type 2 diabetes have been linked to an elevated risk of osteoporotic fractures, attributed to the absence of bone anabolic effects of insulin or potential impairment of bone quality due to antidiabetic drugs (42). Elevated cholesterol levels have been reported to impact cellular function within bone tissue, recent findings suggesting elevated osteoclast activity alongside diminished osteoblast function, which could potentially increase fracture susceptibility (43). The risk of fracture may be elevated due to a stroke caused by atrial fibrillation, and certain medications used in atrial fibrillation management, such as warfarin, have detrimental effects on bone quality and can potentially be associated with fracture risk (44). Disturbances in mineral regulation in renal disease have been suggested to increase fracture susceptibility (45). Nevertheless, even after considering these confounding factors, our main findings showed a significant association between oral health and future osteoporotic fracture.

This study had several limitations. First, there is a possibility of residual confounding factors affecting the development of osteoporotic fractures. Factors such as education level, nutrition, lifestyle, hormone level, blood/urine calcium, menarche, and menopause are important confounding variables that should be taken into consideration in the analysis. Unfortunately, the NHIS-HEALS database did not provide validated information on these variables, some of which may have been considered personally identifiable or sensitive information, so we were unable to include them in our study. Second, although our study aimed to establish an association between osteoporotic fracture and oral health status assessed at a fixed point, but an individual’s oral health status can be influenced by their personal management and dental care. Therefore, future research is warranted to investigate the impact of changing oral health conditions over time on the incidence of osteoporotic fractures. Third, the occurrence of bone fractures shows significant differences by geographical region, the differences are also large within Europe (downward trend between north and south), and accordingly the expected fracture risk differs from region to region and country to country (46, 47). The results of our study may not be generalizable to other races/ethnicities as we only included Korean participants. Fourth, detailed information on attachment loss was not available in the NIHS-HEALS cohort database, limiting our ability to investigate the severity of periodontitis. Fifth, only 3.3% of participants were diagnosed with periodontitis. This low proportion could be due to the strict definition of periodontitis, which required both diagnostic codes and treatment codes to be present, as well as the age range of participants (≥20 years) (48–50). Sixth, The self-reported nature of oral health behaviors in our study questionnaire could have resulted in response bias. Seventh, as our study was retrospective and observational in design, we cannot infer a causal relationship between oral health status and osteoporotic fractures. Nonetheless, our study also had some notable strengths. We utilized extensive long-term nationally representative data to investigate the association between oral health parameters and osteoporotic fractures. Our findings highlight the crucial role of maintaining good oral health in preventing osteoporotic fractures.





Conclusion

The risk of osteoporotic fracture may be higher in individuals with periodontitis or a higher number of missing teeth, while good oral hygiene practices like tooth brushing and dental scaling may lower the risk of future fractures. Although this study suggests a possible association between oral health and osteoporotic fracture, further research is needed to confirm this relationship.
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