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Objectives: The aim of this study was to investigate the relationship between periodontitis and heart failure using the Third National Health and Nutrition Examination Survey (NHANES III).
Methods: Participants who had received a periodontal examination were included and investigated for the occurrence of heart failure. The included participants were divided into no/mild periodontitis and moderate/severe periodontitis groups according to their periodontal status. Weighted prevalence of heart failure was calculated, and weighted logistic regressions models were used to explore the association between periodontitis and heart failure. Possible influencing factors were then explored through subgroup analysis.
Results: Compared with that of the no/mild periodontitis group, the incidence of heart failure in participants with moderate/severe periodontitis was 5.72 times higher (95% CI: 3.76–8.72, p < 0.001). After adjusting for gender, age, race, body mass index, poverty income ratio, education, marital status, smoking status, drinking status, hypertension, diabetes, stroke, and asthma, the results showed that the incidence of heart failure in the moderate/severe group was 3.03 times higher (95% CI: 1.29–7.13, p = 0.012). Subgroup analysis showed that criteria, namely, male, 40–60 years old, non-Hispanic white, body mass index >30, poverty income ratio ≥1, not more than 12 years of education, currently drinking, stroke but no diabetes, or asthma supported moderate/severe periodontitis as a risk factor for heart failure (p < 0.05).
Conclusion: According to data from this nationally representative sample from the United States, periodontitis is associated with an increased risk of heart failure.
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INTRODUCTION
Heart failure is a severe manifestation or late stage of various heart diseases. It is estimated that 64.3 million people worldwide suffer from heart failure (GBD 2017 Disease and Injury Incidence and Prevalence Collaborators, 2018). In developed countries, the prevalence of heart failure is generally 1–2% (Christiansen et al., 2017; Conrad et al., 2018; Smeets et al., 2019; Groenewegen et al., 2020). Heart failure can lead to cardiac arrest resulting in death unless there is timely and successful performance of CPR and it causes a large disease burden. The number of hospitalizations associated with heart failure has tripled in the past 30 years (Braunwald, 2013; Arrigo et al., 2020; Gu et al., 2020). According to the latest survey by the Heart Failure Association of the European Society of Cardiology, the median heart failure prevalence was 17.20 cases per 1,000 people (Seferović et al., 2021). A study using the National Inpatient Sample in the United States found that the hospitalizations due to heart failure increased from 1,060,540 in 2008 to 1,270,360 in 2018 (Clark et al., 2022). In addition to cardiovascular diseases such as ischemic heart disease, hypertension, and arrhythmia, inflammation also plays an important role in heart failure (Pieske et al., 2019; Groenewegen et al., 2020; Schiattarella et al., 2020). Studies have shown that inflammatory factors can lead to ventricular remodeling, which in turn affects the development of heart failure (Al-Taweel et al., 2017; Tan et al., 2021; Yan et al., 2021). In addition, there are also animal studies and clinical studies focusing on the positive effects of anti-inflammatory treatments on cardiovascular diseases (Bäck and Hansson, 2015; Huang and Frangogiannis, 2018; Ma et al., 2019; Gao et al., 2021).
Periodontitis is described as a chronic inflammation of the periodontal support tissue caused by local factors with severe periodontitis bringing a serious burden of disease (Sanz et al., 2020a; Luo et al., 2021). Evidence points to increased levels of systemic inflammatory mediators in periodontitis patients, such as C-reactive protein, matrix metalloproteinases, and fibrinogen (Schenkein et al., 2020). Previous studies have also reported the molecular mechanisms of inflammatory factors in the occurrence of cardiovascular diseases such as hypertension, atherosclerosis, and myocardial infarction (Prabhu and Frangogiannis, 2016; Guzik and Touyz, 2017; Moriya, 2019; Sardu et al., 2020). In addition, there are evidences to support a causal relationship between severe periodontitis and cardiovascular disease (Leng et al., 2015; Zeng et al., 2016; Czesnikiewicz-Guzik et al., 2019; Zhao et al., 2019; Sanz et al., 2020b). Heart failure is the terminal stage of cardiovascular disease, and few studies link periodontitis to it. Although a small number of studies have reported the relationship between periodontitis and heart failure (Wood and Johnson, 2004; Chen et al., 2016; Fröhlich et al., 2016), no in-depth statistical analysis of the association has been performed. Hence, we retrieved data from the Third National Health and Nutrition Examination Survey (NHANES III) to provide evidence demonstrating the relationship between periodontitis and heart failure.
METHODS
Data and Participants
All data were from NHANES III, a nationwide survey which was conducted in America, in 1988–1994 and included 39695 persons aged 2 months and older (Ezzati et al., 1992; National Center for Health Statistics, 1994). The inclusion criteria for this study were people older than 18 years with clinical dental examination information. Individuals who did not have complete information about periodontal assessments and heart failure events were excluded. The relevant information of all participants was collected by well-trained examiners, including gender, age, race, body mass index (BMI, kg/m2), poverty income ratio, educational status, marital status, personal history, and related medical history. Then, participants were divided into no/mild periodontitis and moderate/severe periodontitis groups according to their periodontal status. The NHANES III was approved by the Institutional Review Board (IRB), and documented consent was obtained from participants (National Center for Health Statistics, 2017). This study used public data in NHANES III for analysis.
Outcome
The occurrence of heart failure incidents was self-reported as “Yes” for the question about heart failure in the questionnaire (“Has a doctor ever told you that you had congestive heart failure?”) (Parikh et al., 2011; Sattler et al., 2019).
Definitions of Periodontitis
As in previous studies, periodontal status was assessed by using the extent and severity of probing depth (PD) and attachment loss (AL) (Albandar et al., 1999; Page and Eke, 2007): no periodontitis: no evidence of mild, moderate, or severe periodontitis; mild periodontitis: ≥ two interproximal sites with attachment loss (AL) ≥3 mm and <4 mm and ≥ two interproximal sites with PD ≥ 4 mm not on the same tooth or one site with PD ≥ 5 mm; moderate periodontitis: ≥ two interproximal sites with AL ≥ 4 mm and <6 mm not on the same tooth or ≥ two interproximal sites with PD ≥ 5 mm not on the same tooth; severe periodontitis: ≥ two interproximal sites with AL ≥ 6 mm not on the same tooth and ≥one or more interproximal sites with PD ≥ 5 mm.
Covariates
Information about gender, age, race, education, marital status, smoking history, drinking history, hypertension, diabetes, stroke, and asthma was collected through standardized household questionnaires. Race was classified as non-Hispanic white, non-Hispanic black, Mexican–American, and others. The education level was divided into ≤ 12 years and > 12 years. The marital status was divided into married, widowed/divorced/separated, and never married. Smoking was classified as never-smokers, former smokers, and current smokers. Drinking was classified as never drinking and currently drinking. Blood pressure was classified as high/uncontrolled blood pressure and normal/controlled blood pressure. The diabetes status was classified as diabetes, pre-diabetes, and non-diabetic. Stroke and asthma were classified as yes or no. BMI was calculated based on a person’s weight and height. The poverty income ratio is the ratio of a family’s income to the United States Census Bureau’s poverty threshold, which varies with the number and ages of family members and is revised yearly.
Statistical Analysis
The participants were classified into two groups (no/mild periodontitis group and moderate/severe group). Basic characteristics were described and compared. Categorical variables were represented by counts and percentages and were compared using the weighted chi-square test, including gender, race, education, marital status, smoking history, drinking history, presence/absence of hypertension, diabetes, stroke, and asthma. Continuous variables were represented by mean ± standard deviation and compared using the weighted one-way ANOVA test, including age and BMI.
Weighted prevalence of heart failure and corresponding 95% confidence interval were estimated for the total participants and each group, respectively. To explore the potential and independent association between degrees of periodontitis and heart failure, a series of weighted logistic regressions were performed. Model 1 is an unadjusted model; Model 2 is adjusted for gender, age, race, BMI, and poverty income ratio; Model 3 is further adjusted for education, marital status, smoking status, and drinking status based on Model 2; Model 4 is further adjusted for hypertension, diabetes, stroke, and asthma based on Model 3. Collinearity was checked for each variable using the variance inflation factor (VIF), and VIF <10 was acceptable. In each model, the degree of periodontitis was considered a nominal variable, and the no/mild periodontitis group was used as the reference. To explore potential heterogeneity in the association, a series of subgroup analyses based on included characteristics were conducted.
The NHANES data adopted a “complex sample” strategy to collect data, which included study design weights, clusters weights, and stratification weights. All statistical analyses were survey weighted and were performed using SAS software, version 9.4 TS1M6 (SAS Institute Inc., Cary, NC). A two-sided p-value less than 0.05 is considered statistically significant.
RESULTS
General Characteristics
In this study, a total of 33603 participants were downloaded from the NHANES database. A total of 404 participants who had missing values in strata and cluster variables were excluded. Of the remaining, 15811 participants were excluded because they were older than 18 or weight ≤0; 4,186 participants were excluded because of missing data in periodontitis or heart failure. Finally, 13202 participants were included in descriptive analysis. Characteristics of the 13202 participants are presented in Table 1. The participants are 43.02 ± 17.72 years old, including 6,234 males and 6,968 females, with a BMI of 27.10 ± 5.85. According to the periodontal condition of the participants, they were divided into no/mild periodontitis (n = 10606) and moderate/severe periodontitis groups (n = 2,596). Except for drinking (p = 0.139) and asthma (p = 0.894), all factors including gender, age, race, BMI, poverty income ratio, years of education, marital status, smoking, hypertension, diabetes, and stroke were significantly different among the two groups (p < 0.001).
TABLE 1 | Weighted comparison in basic characteristics.
[image: Table 1]Prevalence of Heart Failure
The prevalence of heart failure was tested. The results showed that among the 13202 participants, a total of 263 heart failure events were reported. There were significant differences in the prevalence of heart failure among no/mild periodontitis and moderate/severe periodontitis groups (p < 0.001), which were 0.64 and 3.55%, respectively. The weighted prevalence of heart failure is summarized in Table 2.
TABLE 2 | Weighted prevalence of heart failure.
[image: Table 2]Associations Between Periodontitis and Heart Failure
We then analyzed the potential impact of periodontitis on the occurrence of heart failure by adjusting for different confounding factors. For the unadjusted model, the maximum value of VIF was 1.789, which indicated weak collinearity; compared with the no/mild periodontitis group, participants in the moderate/severe group had a 5.72 times higher incidence of heart failure (95% CI: 3.76–8.72, p < 0.001). After adjusting for gender, age, race, BMI and poverty income ratio, the incidence of heart failure in the moderate/severe group is still significantly higher than that in the no/mild periodontitis group (OR = 1.77, 95% CI: 1.02–3.06, p = 0.043). After further adjusting for education, marital status, smoking status, and drinking status, the incidence of heart failure in the moderate/severe group was still higher than that in the no/mild periodontitis group (OR = 2.45, 95% CI: 1.17–4.95, p = 0.018). After further correction for hypertension, diabetes, stroke, and asthma, participants in the moderate/severe group had a 3.03 times higher incidence of heart failure (95% CI: 1.29–7.13, p = 0.012). The summary results are shown in Table 3.
TABLE 3 | Weighted logistic regressions of associations between periodontal status and heart failure.
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We further explored the correlation between periodontal status and heart failure among different subgroups based on gender, age, race, BMI, poverty income ratio, education, marital status, smoking, drinking, hypertension, diabetes, stroke, and asthma. The results showed that participants who are males, 40–60 years old, non-Hispanic whites, BMI >30, poverty income ratio ≥1, no more than 12 years of education, current drinking, stroke but no diabetes, or asthma in the moderate/severe group are at risk of developing heart failure (p < 0.05). Regarding whether the situation is married or other, high/uncontrolled blood pressure or non-hypertension, the incidence of heart failure in the moderate/severe group is higher than that in the no/mild periodontitis group (p < 0.05). The results of subgroup analysis are shown in Table 4.
TABLE 4 | Subgroup analysis.
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Based on 10606 participants with no/mild periodontitis and 2,596 participants with moderate/severe periodontitis, this study investigated the risk of heart failure and its influencing factors in periodontitis patients. Our findings indicate that moderate/severe periodontitis shows a trend associated with an increased risk of heart failure, especially in which participants are males, 40–60 years old, non-Hispanic whites, BMI>30, poverty income ratio ≥1, no more than 12 years of education, drinking, stroke but no diabetes, or asthma. Moderate/severe periodontitis was a risk factor for heart failure regardless of marital status and hypertension. After adjusting for potential confounding factors, there is still an association trend between heart failure and moderate/severe periodontitis.
This study found that the weighted prevalence of heart failure in the moderate/severe periodontitis group is significantly higher than that in the no/mild periodontitis group. In total, three previous studies have mentioned the relationship between periodontitis and heart failure. Wood and Johnson (2004) had first reported the association between these two diseases. They evaluated more than 17,000 people from NHANES III and found that patients with periodontitis have a higher incidence of self-reported heart failure. The results are similar to our research, but no further analysis has been performed. Fröhlich et al. (2016) conducted a dental evaluation of 71 patients with stable chronic heart failure and found that the incidence of severe periodontitis was higher in patients with heart failure than those in the control group. A large Asian study using the Taiwan National Health Insurance Research Database reported a positive correlation between periodontitis and heart failure (Chen et al., 2016).
Heart failure is a clinical syndrome of functional failure having multiple causes, with high all-cause in-hospital or ICU mortality (van der Meer et al., 2019; Yu et al., 2021). Although there are differences in etiology and pathophysiology, it is characterized by chronic and unregulated inflammatory conditions, leading to progression of myocardial damage, decreased function, and poor prognosis (Dick and Epelman, 2016; Adamo et al., 2020). The global cardiovascular mortality report pointed out that many chronic infectious and inflammatory diseases, such as, interestingly, periodontitis, are associated with a significantly increased risk of cardiovascular adverse events (such as atrial fibrillation, myocardial infarction, and heart failure), (Roth et al., 2015). Periodontitis shows a high expression of inflammatory mediators and markers, implying a high level of systemic inflammatory factors (Pink et al., 2015; Sung et al., 2019; Fang et al., 2021a; Yuan et al., 2021). A study involving 13,784 subjects, based on NHANES III, has shown that severe periodontitis is independently and significantly related to cardiovascular mortality in chronic kidney disease (Sharma et al., 2016). Periodontitis and heart failure have many common risk factors, such as age, gender, smoking, diabetes, hypertension, and hypercholesterolemia (Mucci et al., 2009; Carrizales-Sepúlveda et al., 2018). After adjusting for various confounding factors, such as age, gender, and race, this study found that there is still an association between periodontitis and the risk of heart failure.
Furthermore, subgroup analysis in this study showed that moderate/severe periodontitis is a risk factor for heart failure, regardless of the presence or absence of hypertension, and the risk is higher in the non-hypertensive subgroup. This further shows that periodontitis may be a direct influencing factor of heart failure; in other words, periodontitis is a very important non-cardiovascular factor in the occurrence of heart failure. The mechanisms related to periodontitis and cardiovascular disease may be complicated (Sanz et al., 2020b). In general, the possible mechanisms involve the production and/or increased levels of inflammatory mediators caused by bacteremia, abnormal blood lipid metabolism, bacterial products and virulence factors, and bacterial colonization (Miyakawa et al., 2004; Tonetti et al., 2007; Schenkein and Loos, 2013; Fang et al., 2021b; Yuan et al., 2021). Our research directly confirms the association between heart failure and periodontitis, especially moderate/severe periodontitis, and provides clinical evidence for exploring specific mechanisms. The biological mechanism of periodontitis increasing the risk of heart failure presents a promising research field, and it may innovate risk stratification of heart failure and provide ideas for new intervention measures.
Although this study is currently the first to evaluate the incidence of heart failure in patients with periodontitis in the American population, it still has some limitations. First, because of the limitations of data from cross-sectional studies, it is impossible to draw clear conclusions about causality. NHANES III has used the PMPE protocol to examine two quadrants of the oral cavity to assess probing depth and loss of attachment at two fixation sites of teeth (mid- and mesio-buccal) in adult males ≥35 years old. It may lead to underestimation of periodontitis (Eke et al., 2010). Second, there are many confounding factors, such as gender, age, race, and BMI. We used standardized research methods and adjusted for different confounders using three models to control important possible confounding factors. Third, hypertension is a common risk factor for periodontitis and heart failure, but we could not obtain detailed hypertension classification for subgroup analysis. Fourth, the incidence of heart failure in patients with periodontitis has only been explored, and the specific types of heart failure have not been evaluated.
In summary, the results of this study show that participants with moderate/severe periodontitis have a higher risk of heart failure. This research supports the literature on the relationship between oral health and cardiovascular disease, and the underlying mechanism should be explored to help inform early interventions for heart failure.
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