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Objectives: Association between different dietary indices and periodontitis remained unclear. This study aims to compare the associations of four commonly dietary indices (including Healthy Eating Index-2020, HEI-2020; alternative Mediterranean Diet Score, aMED; Dietary Approaches to Stop Hypertension, DASH; Dietary Inflammatory Index, DII) with the risk of periodontitis.

Methods: A cross-sectional study was designed using a publicly available data collected from the National Health and Nutrition Examination Survey (NHANES) between 2009 and 2014 (N = 8,571 adults over 30 years). After adjusting for confounders, dietary indices were included in logistic regression models by single, double and overall forms to explore the association with periodontitis. Odds ratios (ORs) for the dietary indices were adjusted by one-fourth of their scoring range to compare the effect sizes; and diminishing marginal receiver operating characteristic (ROC) curves analysis with univariate exclusion in the overall model was used to compare the contribution of the dietary indices to periodontitis. Restricted cubic splines (RCS) was used to explore the non-linear association in both the total population and various sub-populations.

Results: Although all dietary indices exhibited a significant effect on periodontitis in single exposure model; only DASH and DII retained complete significance in the double exposure condition. In the overall model, aMED and DASH presented significantly positive associations, the corresponding OR were 1.147 (95%CI: 1.002–1.313) and 1.310 (95%CI: 1.139–1.507); but DII showed a negative association with OR of 0.675 (95%CI: 0.597–0.763). The ROC analyses showed that the contribution of dietary indices to periodontitis was second only to sex and ethnicity. The non-linear tests showed an approximately linear association for HEI-2020, aMED, and DASH, but a significant non-linear association for DII (p = 0.024). Subgroups of females, younger than 50 years old, non-Hispanic White, smokers, and the ratio of family income to poverty ≤ 2.4 were more consistent with the association found in the total population.

Conclusion: A poor habit for DASH was robustly linked to the occurrence of periodontitis, while the other three dietary patterns were not. Our research suggests that including the DASH index in the evaluation of periodontitis risk and implementing targeted prevention strategies may be beneficial.
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Introduction

Periodontitis is a chronic inflammatory disease affecting the supporting structures of teeth (1). Severe periodontitis can lead to progressive destruction of the tooth supporting apparatus (such as gingiva, cementum, periodontal ligament, and alveolar bone) and eventual tooth loss, with profound impacts on masticatory function, aesthetics, and quality of life (2). According to the report of World Health Organization (WHO), as the sixth most prevalent disease globally, nearly 19% of the global adult population has severe periodontal disease, with more than 1 billion cases worldwide (3). In the United States and Europe, the combined direct (treatment costs) and indirect economic (due to loss in productivity) burdens of periodontal diseases are estimated at $154.06 billion and €158.64 billion, respectively (4).

Epidemiologically, periodontitis is intricately linked to systemic conditions, including cardiovascular disease, type 2 diabetes, obesity, rheumatoid arthritis, and Alzheimer’s disease, among others (5). These associations may arise from bidirectional mechanisms, that is the low-grade systemic inflammation driven by periodontal pathogens exacerbates metabolic dysregulation, while systemic diseases like diabetes amplify periodontal tissue destruction through heightened inflammatory burden and microbial dysbiosis (6, 7). Notably, smoking, poor oral hygiene, and socioeconomic disparities could further compound disease risk. This interaction between oral and systemic health underscores the urgency of identifying novel modifiable risk factors to disrupt the cycle of inflammation and disease progression, such as dietary patterns (8, 9).

Several pieces of evidence indicate the important role of dietary patterns in increasing the risk of chronic diseases through inflammatory regulation (10). Pro-inflammatory diets characterized by refined sugars and saturated fats demonstrate significant associations with heightened risks of type 2 diabetes mellitus, atherosclerosis, colorectal carcinoma, and periodontitis (11). Conversely, anti-inflammatory dietary components including vitamin C/E, ω-3 polyunsaturated fatty acids, and dietary fiber exhibit protective effects against Alzheimer’s disease progression, insulin resistance, and periodontal attachment loss (12–14). Notably, a dose–response relationship between dietary inflammatory index scores and periodontitis incidence has been validated through longitudinal cohort studies (15). Despite growing recognition of diet-periodontitis links, inconsistencies persist regarding which dietary components or composite indices most robustly predict disease risk, highlighting the need for standardized dietary assessment frameworks.

To address this gap, epidemiologic studies increasingly employ validated dietary pattern scoring systems. Among them, the Healthy Eating Index-2020 (HEI-2020) quantifies adherence to the Dietary Guidelines for Americans (DGA), 2020–2025, emphasizing vegetables, fruits, whole grains, dairy, protein foods (16). The alternative Mediterranean Diet Score (aMED) evaluates adherence to the Mediterranean diet, prioritizing plant-based foods, fish, and olive oil (17). The Dietary Approaches to Stop Hypertension (DASH) score, designed to reduce blood pressure, emphasizes low sodium, high potassium, and fiber intake (18). Lastly, the Dietary Inflammatory Index (DII) quantifies the inflammatory potential of diets based on pro-and anti-inflammatory nutrient profiles (19). While these indices are widely used in chronic disease research, their comparative utility in the risk of periodontitis remains underexplored.

This study aims to evaluate and compare the associations between four dietary pattern scoring indices (HEI-2020, aMED, DASH, and DII) and the risk of periodontitis. Additionally, our study also tries to compare the importance of dietary pattern scoring indices in influencing factors related to periodontitis, and evaluate the heterogeneity of the association in populations with different characteristics. Through this work, we seek to offer tailored dietary pattern recommendations for preventing of periodontitis.



Materials and methods


Study design and population

A cross-section study was designed based on the publicly available data from the National Health and Nutrition Examination Survey (NHANES) collected between 2009 and 2014, focusing on adults aged 30 years and older (20), as standardized periodontal examinations in NHANES are performed for this age group. Data collection occurred in two main phases. Initially, household interviews provided detailed demographic characteristics; including age, sex, ethnicity, educational degree, smoking status, and family income-to-poverty ratio (IPR) (21), and self-reported medical history, including hypertension, diabetes mellitus, chronic kidney diseases (CKD), cardiovascular diseases (CVD). Subsequently, participants underwent comprehensive clinical examinations at mobile centers included measurements of body mass index (BMI), blood pressure, fasting plasma glucose, and full-mouth periodontal assessments using clinical attachment loss (CAL) and probing depth (PD) at six sites per tooth.

Dietary intake was evaluated by using a two-step 24-h dietary recall procedure, with the first recall was performed at the time of examination, and the second was conducted via telephone 3–10 days later (22). These data were used to calculate four dietary indices, including HEI-2020, aMED, DASH, and DII, each reflecting distinct nutritional patterns linked to chronic disease risk.

Of the 30,486 participants in the original survey, those aged ≥ 30 years old, had complete demographic data (including age, sex, ethnicity, educational degree, IPR), available information on key covariates (including smoking status, BMI, missing teeth count, and histories of hypertension, diabetes, CKD, or CVD), and valid dietary data from both recalls were enrolled in our study. Exclusion criteria included age < 30 years or incomplete demographic data (n = 15,930), incomplete or invalid periodontal assessments (including lacking records of CAL and PD, fewer than 2 natural teeth; n = 3,895), and missing critical covariate information or dietary recall data (n = 2,090). Eight thousand, five hundred seventy-one adults met all criteria and formed the final analytical sample, with the study’s flow chart shown in Figure 1. As NHANES data are de-identified and available through public repositories, ethical approval was not required beyond the program’s institutional review processes.
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FIGURE 1
 The study’s flow chart for the inclusion and exclusion of participants.




Dietary pattern assessment

Our study employed four commonly utilized dietary pattern scoring indices, were the HEI-2020, aMED, DASH, and DII (23). Among these, HEI-2020 is the most recent version of the Healthy Eating Index (HEI), which was reviewed, updated, and developed based on the DGA (version of 2020–2025) (16). The HEI-2020 consists of 13 dietary components, covering aspects such as vegetables, fruits, whole grains, dairy, protein foods (e.g., meat, legumes), and fat intake (e.g., monounsaturated fats, saturated fats). Each dietary component is assigned a score ranging from 0 to 10 or 0 to 5 based on the difference between actual intake and recommended intake levels; and the total score of HEI-2020 sums to 100 points. HEI-2020 is an excellent tool for comprehensively assessing whether a diet aligns with health dietary recommendations, with higher scores indicating closer adherence to healthy eating standards. HEI-2020 has been widely applied in epidemiological research, particularly in evaluating dietary quality in relation to chronic diseases such as cardiovascular disease and diabetes.

The aMED is an alternative Mediterranean diet scoring index that simplifies and adjusts the core components of the Mediterranean diet (MED), such as vegetables (excluding potatoes and French fries), fruits, nuts, whole grains, legumes, fish, the ratio of monounsaturated to saturated fats, red and processed meats, and alcohol. The aMED is usually used to assess the degree of adherence to the Mediterranean diet in individual dietary patterns (17). Participants receive one point for each category if their intake exceeds the median, otherwise, they receive zero point. The scoring is reversed for red and processed meats as well as alcohol, where those below the median receive one point and those above receive zero point. The total score of aMED ranges from 0 to 9, with higher scores indicating closer alignment with the Mediterranean diet. Due to its simplified scoring method, aMED has been widely used in large-scale epidemiological studies. Currently, aMED is primarily employed to investigate the impact of Mediterranean dietary patterns on chronic diseases, particularly cardiovascular diseases.

The DASH index was designed to prevent and control hypertension. It focuses on eight key components: high intake of fruits, vegetables, nuts, legumes, low-fat dairy products, and whole grains, while promoting low intake of sodium, sweetened beverages, and red and processed meats (18). The DASH score is evaluated based on the quintiles of intake in the surveyed population, with each component assigned a score ranging from 1 to 5. Thus, the total DASH score ranges from 8 to 40. The score is particularly influenced by the intake of key minerals, such as sodium, potassium, calcium, and magnesium, meaning that diets with higher scores typically exhibit low sodium and high potassium, calcium, and magnesium levels. The DASH index is specifically designed to reduce the risk of hypertension, making it particularly useful for assessing dietary patterns related to blood pressure. It is widely applied in the prevention and treatment of hypertension and is also valuable for studies related to cardiovascular diseases.

The DII is a scoring tool designed to assess the potential of a diet to influence systemic inflammation (19). It evaluates the impact of various food components, including beneficial nutrients such as antioxidants, vitamins, and minerals, as well as pro-inflammatory factors such as sugars, saturated fats, and red meat. The calculation progress of the DII is relatively complex, which assigning scores based on the inflammatory potential of foods. DII incorporates 45 food components known to be associated with inflammation, and each food component’s intake is compared with the global average intake, and a score is assigned based on its global impact on inflammation. Generally, a positive score indicates pro-inflammatory foods (e.g., red meat, high sugar, and high-fat foods), while anti-inflammatory foods (e.g., fruits, vegetables, and whole grains) receives a negative score. Based on global DII simulations, the score range typically spans from −9 (strongly anti-inflammatory) to +8 (strongly pro-inflammatory). DII is primarily used to assess the impact of diet on chronic inflammation, which is closely linked to several chronic diseases, including cardiovascular diseases, diabetes, and cancer.



Outcome definitions

Among all the NHANES participants, adults aged 30 years and older, who had at least one natural tooth, were eligible for a full-mouth periodontal examination (FMPE), which included the assessment of gingival recession and probing pocket depth (PPD) measures (14,556 individuals). According to the standards provided by the Centers for Disease Control and Prevention (CDC) and the American Academy of Periodontology (AAP), participants were excluded in order to ensure a complete diagnosis of periodontitis if they lacked clinical attachment loss (CAL) and PPD records, had incomplete or uncompleted periodontal examinations, or had fewer than two natural teeth (10,661 individuals) (24). All dental examiners were trained and calibrated by the reference examiners of the survey.

Severe periodontitis is defined as CAL of at least 5 mm in the interproximal regions of at least two non-adjacent teeth, with PPD of at least 6 mm in the interproximal region of at least one tooth. Moderate periodontitis is defined as the presence of PPD greater than or equal to 5 mm in two or more non-adjacent teeth’ interproximal regions, or CAL greater than or equal to 3 mm in the interproximal regions of two or more non-adjacent teeth. Participants diagnosed with mild periodontitis must exhibit a CAL of at least 1 mm in the interproximal regions of at least two non-adjacent teeth, or a PPD greater than or equal to 4 mm in the interproximal regions of at least two or more non-adjacent teeth (25, 26). All cases of periodontitis diagnosed as mild, moderate, or severe based on CAL in the interproximal regions and PPD had to meet the criteria of at least two non-adjacent teeth with a CAL larger than 3 mm. In this study, we categorized mild, moderate, and severe periodontitis into one group (having periodontitis) and the other group as having no periodontitis.



Covariates assessment

To enhance the precision of exploring associations between dietary pattern scoring indices and periodontitis, a comprehensive set of covariates was selected for model adjustment, including demographic characteristics, lifestyle factors (smoking history), and health status (hypertension and diabetes). Demographic variables, derived from household questionnaires, included age, sex, ethnicity, educational degree, and the family IPR. BMI was calculated from measured height and weight during physical examinations and categorized into four groups per international guidelines: underweight (<18.5 kg/m2), normal weight (18.5–25 kg/m2), overweight (25–30 kg/m2), and obesity (>30 kg/m2) (27). Smoking history was dichotomized into individuals with a history of smoking (current or former smokers) and never-smokers.

Hypertension was defined as either self-reported diagnosis during household interviews or laboratory-based criteria (systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥80 mmHg) (28). Diabetes mellitus was identified through self-reported diagnosis or laboratory-confirmed thresholds [fasting plasma glucose ≥7.0 mmol/L or glycated hemoglobin (HbA1c) ≥ 6.5%] (29). The CKD status was diagnosed through standardized biochemical and urinary examinations. eGFR was calculated according to the CKD Epidemiology Collaboration (CKD-EPI) equation, with CKD diagnosis defined as either (a) eGFR <60 mL/min/1.73 m2 or (b) ACR > 30 mg/g. CVD was obtained according to the reported or self-admitted physician diagnoses. Self-admitted CVD was assessed by asking the following questions: “Has a doctor or other health professional ever told you that you have a heart attack/coronary heart disease/angina/congestive heart failure/stroke?.” The answer could be “Yes/No/did not know,” and “Yes” was considered as a CVD patient; the “did not know” participants would be excluded. These covariates were rigorously operationalized to account for potential confounding effects and align with standardized diagnostic criteria, ensuring robustness in evaluating the independent relationship between dietary patterns and periodontitis.



Statistical analysis

Participants were classified into periodontitis and non-periodontitis groups based on the results of clinical periodontal examinations. Descriptive analysis was employed to summarize the baseline characteristics of the study population, which included age, sex, ethnicity, educational degree, family IPR, BMI, smoking history, hypertension diabetes, and CVD, as well as dietary pattern scoring indices. Continuous variables were expressed as means ± standard deviations, whereas categorical variables were presented as frequencies and percentages. In the comparison between groups, independent t-tests or Mann–Whitney U tests were used for continuous variables, and chi-square tests were used for categorical variables.

For the purpose of clarity, we performed reverse calculations for HEI-2020, DASH, and aMED (that is, subtracting the actual score from the total score of each index) to align with the concept that a higher score indicates a less healthy diet; which does not apply to the nonlinear trend analysis section. After controlling for demographic characteristics and comorbidities, we utilized three types of multiple logistic regression models to examine the relationships between four dietary pattern scoring indices (HEI-2020, aMED, DASH, DII) and periodontitis. In details, (1) four single-diet models, each including only one dietary pattern index, were independently used to evaluate the association between each dietary pattern and periodontitis; (2) for each dietary pattern index, three double-diet models were constructed by adjusting for the other dietary patterns one by one; (3) an overall model including all four dietary patterns were established to assess the associations when controlling all the other three patterns. Association estimates were standardized based on one-fourth of each index’s scoring range to ensure comparability. Model coefficients and odds ratios (ORs) with 95% confidence intervals (CIs) were visualized through forest plots, including an overall composite model visualization. Risk assessment was quantified via receiver operating characteristic (ROC) curve analysis, calculating marginal area under the curve (AUC) differences between the full model and reduced models that systematically excluded individual covariates or the dietary indices collectively, enabling comparative assessment of the effect strength among different variables (30).

The restricted cubic splines (RCS), with the Akaike information criterion (AIC) optimization program used to select the most suitable knots; were applied to explore any potential non-linear dose–response relationships between different dietary indices and periodontitis in the total population and various sub-populations, thereby facilitating the visualization and testing of dose–response trends between dietary pattern scoring index and the risk of periodontitis (31). Results are presented as ORs with 95% CIs to quantify the strength and direction of the associations. All statistical analyses were performed using R version 4.4.1, with a two-tailed p-value ≤ 0.05 considered statistically significant.




Results

This study included 8,571 individuals with an average age of 52.131 ± 14.122 years. Among them, 5,439 individuals (63.46%) were diagnosed with periodontitis, and 3,132 individuals (36.54%) were without periodontitis. Table 1 displays the baseline characteristics of the study population categorized by periodontitis status. In particular, individuals who are male, older, Mexican American, have lower education levels, obesity, smoking habits, lower family IPR, hypertension, diabetes, CKD and CVD are more likely to suffer from periodontitis (p < 0.001). For dietary patterns, individuals with periodontitis have lower scores for HEI-2020, and aMED, DASH than those without periodontitis. No statistically significant difference was observed for DII (p = 0.502).



TABLE 1 Description of demographic characteristics and associated factors for all participants divided by whether confirmed as periodontitis.
[image: Table1]

As shown in Figure 2, the multiple logistic regressions with a single dietary pattern, after adjusting for potential confounding factors, revealed that HEI-2020, aMED, and DASH were positively associated with periodontitis. The ORs for a one-quarter increase in the maximum score range were 1.209 (95% CI: 1.090–1.341), 1.198 (95% CI: 1.104–1.221), and 1.252 (95% CI: 1.154–1.359) for the three patterns, respectively. However, DII presented a negative association with OR of 0.873 (95% CI: 0.789–0.967). The double-dietary-patterns model showed that DASH and DII still exhibited statistically significantly positive and negative associations, respectively, when adjusting for other dietary patterns. However, HEI-2020 exhibited insignificant associations when adjusting for either aMED or DASH; aMED exhibited insignificant associations when adjusting for DASH. The full logistic regression with four dietary patterns supported the results, i.e., statistically significantly positive association was found for aMED and DASH and negative association for DII, as well as insignificant associations for HEI-2020.
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FIGURE 2
 Associations between four dietary pattern scoring indices and periodontitis from single-diet, double-diet, and four-diet models.


The variance inflation factors in the overall model for the four dietary pattern scoring indices were 3.234, 3.297, 3.703 and 1.703, respectively, indicating low multiple collinearities. As shown in Table 2 and Supplementary Figure 1, after these covariates were adjusted for each other, the full model indicated that sex (OR = 0.540), ethnicity, educational degree (the OR of college education = 0.689), smoking history (OR = 1.290), increasing age (OR = 1.017/year), and higher family IPR (OR = 0.894) were still significant predictors for periodontitis (p < 0.05). However, the statistical significance for BMI, hypertension, diabetes mellitus, CKD and CVD was not maintained. The results of ROC curves revealed a stable ROC performance across all the specific-factor-excluded model, with the most downward for ethnicity, sex and dietary patterns removed models, aligning with their substantial changes in AUC. Overall, ethnicity, sex and dietary patterns contributed the most to whether an individual has periodontitis, followed by age, family IPR and smoking history, with details shown in Figure 3.



TABLE 2 Multivariate logistic regression results of the effects of all dietary patterns scoring indices on periodontitis.
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FIGURE 3
 The ROC and AUC comparisons in the full model and the specific-factor-excluded models. Panels (A,B) presented the ROC and AUC comparisons, respectively.


In the section of non-linear analyses, we replaced the dietary scores of HEI-2020, aMED, and DASH with their original true measurement scores; and evaluated the non-linear dose–response associations between dietary indices and the risk of periodontitis using RCS with knots optimized via AIC value, shown in Supplementary Figure 2. For all indices, the AIC were minimized in the model with 3 knots, and this configuration was retained for subsequent analyses. As shown in Figure 4, HEI-2020 showed little association with the risk of periodontitis; for the aMED index, using the median value (3.500) as the reference point, the negative dose–response association on periodontitis only significant when the scores exceeded the reference point; and for DASH with the reference point of 22.5, the ORs exceeded 1.0 at lower scores (8–22.5) but declined progressively, reaching values below 1.0 beyond 22.5 (up to 40), indicating reduced periodontitis risk with higher adherence. Although the non-linear trend test was statistically insignificant (p > 0.05), the overall inverse linear association of DASH remained robust. In contrast, the DII also exhibited a significantly negative association with the risk of periodontitis (p < 0.05), which higher scores indicates a more pro-inflammatory dietary pattern.
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FIGURE 4
 Non-linear associations between four dietary pattern scoring indices and periodontitis. (A-D) Corresponded to the RCS performances of the HEI-2020 index, aMED index, DASH index, and DII index, respectively, for the risk of periodontitis.


Furthermore, RCS analyses had also been used in subgroups to explore the population heterogeneity of the association between different dietary indices and periodontitis, with the results shown in Supplementary Figures 3–15. The results of subgroup analyses showed that the subgroups of females, younger than 50 years old, non-Hispanic White, smokers, and the ratio of family income to poverty ≤ 2.4 were more consistent with the association found in the total population (all subgroups were classified according to the categories of the categorical data or the median of the continuous data).



Discussion

Our study was the first time to compare the association’s intensity of four commonly dietary pattern scoring indices with periodontitis, evaluate the importance of dietary patterns in factors related to periodontitis and explore its population heterogeneity. The single-diet models showed statistically significant positive associations for HEI-2020, aMED, and DASH, but a negative association for DII. After adjusting for other diet patterns, both double-diet and overall models revealed robust significant associations for DASH and DII, but not for aMED and HEI-2020. In the subgroups of females, younger than 50 years old, non-Hispanic White, smokers, and the ratio of family income to poverty ≤ 2.4, the performance of the associations for those dietary indices were more consistent with the associations found in the overall model. Given that a lower score for the HEI-2020, aMED and DASH, and a higher score for the DII indicates a poorer dietary habit, these results suggested that a poor habit related to DASH may be robust linked to the occurrence of periodontitis, whereas the other three dietary patterns were not. Our findings suggest that incorporating DASH into the risk assessment of periodontitis and optimizing relevant prevention strategies would be beneficial.

Our study revealed significant heterogeneity in the associated utility of dietary pattern scoring indices for periodontitis, with DASH and DII exhibiting robust associations. Among these dietary indices, the DASH diet, which selected as an example of healthy plant-based diets recommended by international (American Heart Association, AHA) and European guidelines (European Atherosclerosis Society, EAS), exhibited a protective dose–response association with the risk of periodontitis (32). This pattern characterized by sodium restriction, potassium optimization, and reduced saturated fat and intake, probably could mitigates endothelial dysfunction and enhances systemic antioxidant capacity, thereby attenuating periodontal oxidative stress (33). In contrast, the HEI-2020 showed limited utility, possibly due to its broad “adequacy-moderation” framework diluting these specific mechanisms (34). Similarly, the aMED also displayed limited significant association with periodontitis, especially in the lower score range; which was consistent with the findings of a Moroccan study (35); and in a cross-sectional survey study of 6,209 participants conducted by Altun et al. (32), DASH was also found to have a stronger association with periodontitis than aMED. Cultural and behavioral differences were the possible reasons for this result, especially the Mediterranean-centric components in MED index (e.g., olive oil, moderate wine) may lack specificity in modulating periodontal microbiota among non-Mediterranean populations (36).

The paradoxical inverse association between DII score and the risk of periodontitis (e.g., lower risk of periodontitis with higher pro-inflammatory scores) from our cross-sectional findings deserves scrutiny (37, 38). A Korean study based on the Korean Genome and Epidemiology Study Health Examinee cohort (KoGES_HEXA) explored the relationship between DII scores and periodontitis from both cross-sectional and longitudinal follow-up perspectives (39). This study found that the association between DII scores and periodontitis was not entirely significant from the perspective of cross-sectional survey (the risk of periodontitis between male participants with the DII score in Quartile 2 and Quartile 1: OR = 1.26, 95%CI: 0.99–1.62; the risk of periodontitis between female participants with the DII score in Quartile 4 and Quartile 1: OR = 1.13, 95%CI: 0.96–1.33), but were both significant in long-term follow-up, which was stronger than the cross-sectional evidence. In addition, a cross-sectional survey conducted by Syrjäläinen et al. (40), found that there was no difference in DII scores between participants with and without periodontitis, which was consistent with the findings of our study. Furthermore, we compared our results of the association between DII score and periodontitis with two studies which also based on NHANES (An Li’s study focused on patients with moderate to severe periodontitis, with mild periodontitis and non-periodontitis considered as one group) (41, 42). These studies both grouped the DII scores by tertiles (divided as low, medium and high group), and when compared to tertile 1, the significant increasing risk of periodontitis only was found in the group of tertile 3 in An Li’s study (adjusted OR in tertile 3 = 1.53, 95%CI: 1.33–1.77; adjusted OR in tertile 2 = 0.92, 95%CI: 0.80–1.06) (42); and found no significant association in Jie Feng’s study (adjusted OR in tertile 3 = 1.11, 95%CI: 0.98–1.25; adjusted OR in tertile 2 = 1.08, 95%CI: 0.96–1.21) (41), respectively.

According to the comparison with other studies, there are three hypotheses that may be able to explain the paradoxical association between DII and periodontitis. First, the recent inflammatory dietary patterns captured by the cross-sectional survey were not sufficient to directly induce clinical periodontitis. Second, existing periodontal inflammation in participants may prompt their dietary modifications (e.g., reduced red meat consumption due to chewing discomfort), creating reverse causation bias. Besides, systemic inflammatory biomarkers such as C-reactive protein (CRP) and IL-6 may not fully reflected the local periodontal inflammation, resulting in the inability of DII to sensitive feedback the risk of periodontitis.

Additionally, the differential associations observed among dietary indices may be partially explained by their distinct macronutrient profiles and their roles in periodontal pathogenesis. The DASH diet, rich in complex carbohydrates (whole grains, legumes), plant-based proteins (nuts, seeds, legumes), and unsaturated fats (low saturated fat, high nuts/seeds), likely exerts protective effects through anti-inflammatory and antioxidant pathways (32). For instance, its emphasis on potassium and magnesium supports endothelial function and reduces oxidative stress, which are critical in attenuating periodontal tissue destruction. In contrast, diets with lower DASH adherence may be higher in refined carbohydrates and sodium, promoting pathogenic bacterial proliferation (43). The aMED, while rich in monounsaturated fats (olive oil), may show limited relevance in non-mediterranean populations due to variations in lipid sources and cultural dietary practices. The DII, which correlates with pro-inflammatory components like saturated fats, trans fats, and sugar, showed a paradoxical inverse association in our cross-sectional analysis, possibly influenced by reverse causation (e.g., periodontal inflammation altering dietary choices) or the nuanced interaction between systemic macronutrient intake and local oral microbiota. Understanding these macronutrient-driven mechanisms allows for more precise dietary recommendations, such as reducing refined carbohydrates to limit bacterial glycolysis, increasing anti-inflammatory proteins (e.g., fish, legumes), and prioritizing unsaturated fats over saturated fats may collectively modulate host–microbe interactions and slow periodontal tissue degradation (15, 44).

On the other hand, the comparable importance of dietary indices and traditional risk factors (e.g., sex, age, ethnicity, smoking and family IPR) in influencing periodontitis underscores the underappreciated role of diet in periodontitis prevention. While traditional risk factors are either non-modifiable or inertia factors, dietary patterns offer actionable intervention targets. For instance, a quartile improvement in DASH adherence could theoretically offset 15 years of aging-related risk accumulation, which is a hypothesis requiring longitudinal validation. In general, the superior consistency of DASH in evaluating the risk of periodontitis within U. S. populations possibly stems from its alignment with hypertension prevention guidelines, which might overlap or cover part of the pathological mechanism of periodontitis.

The findings of this study hold substantial clinical relevance by identifying the DASH index as a robust predictor of periodontitis risk, particularly in subgroups such as females, younger adults, non-Hispanic White, smokers, and individuals with lower socioeconomic status (IPR ≤ 2.4). Clinically, integrating the DASH score into periodontal risk assessments could enable targeted interventions to improve dietary habits, especially given its alignment with established guidelines for hypertension and cardiovascular health. For example, patients with poor DASH adherence (characterized by high sodium intake, low fruit or vegetable consumption, and inadequate whole grains) may benefit from personalized nutrition counseling to reduce sodium, increase potassium-rich foods, and prioritize plant-based proteins, modifications that not only prevent periodontal inflammation but also mitigate comorbidities like hypertension. Public health initiatives could leverage these insights to design population-specific education programs, particularly in underserved groups where dietary risks for periodontitis are most pronounced. By emphasizing the actionable nature of dietary patterns, clinicians can empower patients to adopt preventive strategies that complement traditional treatments, potentially slowing disease progression and improving long-term oral health outcomes.

Despite its strengths, our study has several limitations inherent to its design and data source. First, as a cross-sectional analysis of NHANES data, causal inferences between dietary patterns and periodontitis risk cannot be established. Temporal relationships may be obscured by reverse causality, particularly for dietary index like the DII, where dietary modifications following periodontal symptoms could bias associations. Second, dietary intake was assessed using 24-h recalls, which are susceptible to recall bias and may not fully capture long-term dietary habits. Although NHANES employs rigorous protocols to enhance data accuracy, misclassification of dietary exposures remains a possibility. Third, we adjusted for a comprehensive set of confounders, but residual confounding from unmeasured factors (e.g., genetic predisposition, oral hygiene practices, or access to dental care) cannot be ruled out. Specifically, while dental floss and mouthwash use were partially recorded, their causal impact on periodontitis remains unclear, with low-quality evidence from existing reviews (45). Consequently, this study does not account for potential confounding by these behaviors. Future longitudinal research with consistent, detailed oral hygiene data is needed to validate how dietary patterns interact with oral health practices in influencing periodontitis risk. Finally, the generalizability of findings may be limited to the U. S. population, as NHANES sampling frames are nationally representative but may not reflect dietary patterns or periodontal disease profiles in other regions. Future longitudinal studies with repeated dietary assessments and standardized periodontal examinations are needed to validate these findings and elucidate causal pathways.



Conclusion

A poor habit for DASH may be robust associated with the occurrence of periodontitis, while the other three dietary patterns were not. DASH is the most related dietary pattern index for evaluating the risk of periodontitis, with consistent linear associations and model stability superior to HEI-2020, aMED, and DII. The lack of a focused HEI-2020 assessment framework, contradictory association between DII and periodontitis, and cultural limitations of aMED all underscored the necessity of population-specific validation for dietary pattern scoring indices. While dietary modifications showed contribution second to sex and ethnicity, our findings cautions against overreliance on inflammation-centric or regionally-biased indices, and emphasizes the heterogeneity of people with different characteristics. These results supported the prioritization of DASH in the risk assessment of periodontitis, while advocating for longitudinal designs to clarify causal relationships between diet and periodontitis, and optimizing relevant preventive strategies.
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