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Background: Periodontitis is a chronic inflammatory disease of the oral cavity characterized by inflammation of the periodontal tissue and resorption of the alveolar bone, which has a high incidence and is the main cause of tooth loss in adults. In addition to its role in promoting osteogenesis, magnesium also has a role in regulating the inflammatory response, both systemically and locally. There is growing evidence that magnesium is an important factor in maintaining the normal functioning of the body's immune system. Hypomagnesaemia can lead to a variety of chronic inflammatory diseases throughout the body, including periodontitis. Two-thirds of the US population suffers from magnesium deficiency. The connection between dietary magnesium and periodontitis is unknown. As a result, we set out to investigate the link between dietary magnesium intake and periodontitis.

Methods: In this study, we collected data from the National Health and Nutrition Examination Survey (NHANES) database from 2013 to 2014. Through 24-h dietary recalls, information about food consumption was collected. We examined the association between the dietary magnesium and periodontitis using multivariable logistic regression model. Based on odds ratios (OR) and 95% confidence intervals (CIs), a strong association was detected.

Results: Multivariable logistic regression analysis showed that the OR for periodontitis comparing the highest to the lowest quintile of dietary magnesium intake was 0.69 (95% CIs = 0.52~0.92). The restricted cubic spline (RCS) analysis showed that the non-linear association between dietary magnesium and periodontitis was statistically significant and that dietary magnesium supplementation reduced the prevalence of periodontitis.

Conclusion: Dietary magnesium intake is associated with the prevalence of periodontitis. Dietary magnesium deficiency increases the prevalence of periodontitis.
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Introduction

Periodontitis is a highly prevalent chronic, oral multi-bacterial infection disease that affects nearly half of the population worldwide (1). Periodontitis is not only a localized inflammatory disease of the oral cavity, but there is increasing evidence that periodontitis is closely associated with the development of systemic diseases such as cardiovascular disease, diabetes, Parkinson's disease and infective endocarditis (2–7). The prevalence of periodontitis in China is over 50%, and among people aged 60–74 years, the prevalence is as high as 70–90% (8). Furthermore, micronutrients also play a crucial role in periodontitis. Studies have shown that periodontitis causes changes in the levels of some micronutrients in the body and that imbalances in vitamins and minerals in the body have a significant impact on the development of periodontal disease (9). Increased dietary magnesium intake may prevent the incidence of diabetes, metabolic syndrome, hypertension and cardiovascular disease (10). Previous studies have found that vitamins A, B, C, calcium, zinc and polyphenols can prevent periodontitis, while the role of magnesium in periodontitis remains unclear. Given the increasing prevalence of periodontitis and the low dietary intake of magnesium, it is critical to determine whether magnesium intake is associated with periodontitis prevalence. The goal of this study was to determine the relationship between dietary magnesium and periodontitis.



Methods


Study population

We analyzed retrospective NHANES 2013-2014 data. In addition to a home interview, NHANES participants received a physical examination and interviews at a mobile examination center (MEC) (11). Patients must be at least 30 years of age, have at least one natural tooth (excluding third molars), and not be suffering from any condition that requires antibiotic prophylaxis before periodontal probing in order to qualify for a full-mouth periodontal examination (12). Because only a subset of NHANES participants underwent MEC examinations, we included only those who reported a complete dental examination. In the first 24-h recall, trained interviewers collected food recalls in person with the automated multiple-pass technique used by the United States Department of Agriculture (USDA). We also included other demographic variables (including age, gender, race, educational attainment, smoking status, and alcohol use status) and BMI (Body Mass Index). Participants with missing data were excluded. Ultimately, a total of 3,028 participants were included in the final analyses.



Study variables
 
Socio-demographic characteristics

The NHANES collected self-reported information about age, gender, race, education, smoking status, and alcohol consumption. Sociodemographic characteristics were set as age, gender (male/female), race (Mexican American; white; black and other), education level (below high school; high school and college or above), smoking status (former; never and current), drinking status (never; former; light; moderate and heavy) and poverty income ratio (PIR). NHANES recorded the participants' smoking status, duration and smoking-related behaviors (13). The classification of smoking status is based on the following criteria (14): Never smokers were defined as adults who had never smoked or smoked <100 cigarettes in their lifetime; smokers who reported smoking ≥100 cigarettes in their lifetime and were currently non-smokers were identified as former smokers; and current smokers were defined as smokers who smoked ≥100 cigarettes on certain days or days in their lifetime. Never drinkers were defined as those who reported drinking <12 drinks; ever drinkers were defined as those who had more than 12 drinks in their lifetime but not in the past year; current drinkers were further classified as light, moderate and heavy current drinkers. Heavy drinkers were defined as ≥3 drinks per day for women and ≥4 drinks per day for men, with 5 or more binge drinking days per month; moderate drinkers were defined as ≥2 drinks per day for women and ≥3 drinks per day for men, with ≥2 binge drinking days per month. Light drinkers: did not meet the above criteria (15, 16). PIR measures the relationship between family income and poverty threshold to reflect socioeconomic status: low (PIR < 1.35), medium (1.35 ≤ PIR < 3.0) and high (PIR ≥ 3.0) (17, 18). Using the WHO classification, there are four categories of BMI: Underweight is <18.5, normal weight = 18.5–24.9, overweight is 25–29.9, and obese is >30.0 (19).



Periodontitis

Each participant will go through a periodontal clinical examination by one calibrated examiner to assess his or her periodontal health (20). The periodontal examination includes probing depth (PD) and clinical attachment level (AL) of the MEC. Supplementary Table 1 shows the classification criteria according to periodontal status.




Dietary magnesium intake

Face-to-face 24-h food memories collected during the MEC visit as part of the USDA's “What We Eat in America.” Dietary recall notices were sent to customers in person by trained staff using a USDA Automated Multiple-Pass Method (21). In addition, information was collected on the type, frequency of consumption, duration and amount taken of each reported dietary supplement. The average daily intake of magnesium from dietary supplements was calculated for participants using the reported number of days of supplement use, the reported daily dose and the serving size unit on the product label. Total magnesium intake was calculated as the sum of dietary and supplement intake (22).



Statistical analysis

For descriptive analyses, categorical variables were described using frequencies and percentages, and continuous variables were described using means and standard deviations. We stratified the cohort according to quintiles of magnesium intake daily in the primary analysis. To evaluate differences in distribution of categorical variables, Fisher's exact test was used (23). We then present descriptive statistics comparing the prevalence of periodontitis with dietary magnesium. We examined the relationship between dietary magnesium intake and periodontitis using univariate and multivariate logistic regression models, adjusting for age, sex, race, smoking, alcohol consumption, education level and BMI.




Results


Baseline characteristics

Figure 1 describes study recruitment and inclusion/exclusion criteria. Table 1 displays the subjects' baseline characteristics. Compared to those in the top quintile of magnesium intake, those with lower dietary magnesium intake had a lower educational attainment, lower income, higher average age, higher rates of smoking, higher rates of previous and moderate alcohol consumption, higher prevalence of diabetes and a greater likelihood of obesity. Baseline periodontitis, age, sex, race, PIR, education, smoke, alcohol, DM, BMI were different between groups (P < 0.05).


[image: Figure 1]
FIGURE 1
 The overview of the flow chart for this paper.



TABLE 1 Characteristics of the overall target population according to dietary magnesium intake.
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Outcome and exposure factors

We categorized the participants into quintiles based on the daily magnesium consumption and periodontitis ever accounted for 49.5% in Q1, 41.2% in Q2, 39.3% in Q3, 42.2% in Q4 and 39.3% in Q5. Participants in the top quintile of dietary magnesium intake had a lower prevalence of periodontitis than those in the bottom quintile. In addition, in terms of severity of periodontitis, mild, moderate and severe periodontitis were both more prevalent in the group of participants with the lowest dietary intake of magnesium.



Multivariate regression analysis

Based on quintiles of dietary magnesium intake, all the models we developed showed a negative association between dietary magnesium intake and the prevalence of periodontitis (Table 2). That is, logistic regression analysis showed that the highest quintile of dietary magnesium intake was associated with a lower prevalence of periodontitis. Compared to the lowest quintile of the dietary magnesium intake, the top quintile had a lower prevalence of periodontitis in model 1 (OR =0.65; 95%CI 0.5~0.86), model 2 (OR= 0.69; 95%CI 0.52~0.92) and model 3 (OR = 0.69; 95%CI 0.52~0.92). P for trend was < 0.05 in all models.


TABLE 2 Association of dietary magnesium intake with periodontitis.
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Dose-response relationship between dietary magnesium intake and periodontitis

After adjusting for potential confounders, RCS analysis showed indicated a non-linear relationship between dietary magnesium intake and periodontitis (Figure 2). As can be seen from the diagram, the slope is steeper in the first 1/3 of the line, and the subsequent line remains on a downward trend. It is suggested that dietary magnesium intake is negatively associated with the prevalence of periodontitis.


[image: Figure 2]
FIGURE 2
 Dose-response relationship of dietary magnesium with periodontitis.




Subgroup analyses

To identify potential effect modifiers, we also conducted a subgroup analysis (Table 3). The results showed that the effect size of the relationship was significantly different across sex, education level and across alcohol. As for the sex, in the group of women with the highest dietary magnesium intake, there was a 40% reduction in the prevalence of periodontitis. In men, all five dietary magnesium intakes had a protective effect, with a 41% reduction in the prevalence of periodontitis in the most protective group. Also, we found that for heavy drinkers, increasing dietary magnesium intake reduced the prevalence of periodontitis by 54%. In mild drinkers, a 40% reduction in periodontitis intake was observed. Figure 3 shows the relationship between dietary magnesium intake on the prevalence of periodontitis in participants with different drinkers.


TABLE 3 Stratifiedlogistic regression analysis to identify variables that modify the correlation.
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FIGURE 3
 The relationship between dietary magnesium intake on the prevalence of periodontitis in participants with different drinkers.





Discussion

This cross-sectional study examined the association of dietary magnesium intake and periodontitis.

Our analysis showed that a higher dietary magnesium intake was significantly associated with a lower prevalence of periodontitis. Multivariate logistic regression analysis revealed an OR for periodontitis of 0.69 (95% CIs = 0.52–0.92) for the highest quintile of dietary magnesium intake vs. the lowest quintile.

Magnesium is an essential nutrient that is required for a variety of physiologic functions in the body. The consequences of magnesium deficiency go beyond oral lesions and may have an impact on the course of the COVID-19 pandemic (24). Most of the magnesium absorbed by the body comes from foods such as nuts, seeds, whole grains and green leafy vegetables, while magnesium is necessary for the maintenance and formation of calcified tissues such as bone (25, 26). Studies have shown a complex internal relationship between periodontitis and diabetes (27). In obese men, the risk of periodontitis is significantly higher in those on a high-fat diet than in those on a healthy diet (27). Shimabukuro's study concluded that toothpastes containing magnesium salts could reduce the incidence of periodontitis (28). Staudte et al. recorded the food intake of 42 patients with periodontitis for 1 week and compared it with 38 healthy subjects. The results of the study concluded that dietary deficiency of magnesium has a negative impact on periodontal health (29).

Of the people included in our current study, 42.3% had periodontitis. We found that the prevalence of periodontitis was higher in older men over 55 years of age, Non-Hispanic White, low income groups, high school education and below, with a history of smoking and obesity. In addition, we found that the prevalence of periodontitis was more prevalent in participants with reduced dietary magnesium intake. After adjusting for gender, age, race, BMI, poverty, alcohol consumption, diabetes and smoking status, the results showed that the group with the highest dietary magnesium intake was less likely to develop periodontal disease compared to the group of participants with the lowest dietary magnesium intake. These results suggest that a lack of magnesium in the daily diet increases the prevalence of periodontal disease. Our results are also in agreement with the findings of Shimabukuro and Staudte et al. above (25, 26). In the UK, the recommended intake of magnesium is 300 mg/day for men and 270 mg/day for women (30). Our analysis found the most significant protective effect on periodontitis for dietary magnesium intake in the range up to 500 mg, with a subsequent negative correlation remaining as dietary magnesium intake increased, but the protective effect was diminishing. This suggests that adjusting dietary magnesium intake to the recommended dose may have a preventive effect on periodontitis. Our findings support previous research that magnesium supplementation reduces the incidence of periodontitis, prevents tooth loss in middle-aged people, and delays tooth loss in the elderly. As a result, the individual's wellbeing will improve, and the cost of treatment and restoration will be reduced (31).

In typical Western diets, saturated fats, sucrose, and fructose, proteins from red meat, and sodium are in high quantities, while monounsaturated and polyunsaturated fats are in low amounts (32). The Mediterranean or modern DASH (Dietary Approaches to Stop Hypertension) diet is rich in vegetables and fruit, whole grains, low-fat dairy products, poultry, fish, nuts, legumes and seeds, and is also rich in magnesium, calcium, potassium and fiber, plus low in trans fatty acids, saturated acids and cholesterol. In previous studies the DASH diet and the Mediterranean diet have been associated with a reduced risk of cardiovascular disease, stroke, heart failure, diabetes and cancer. Since periodontitis is potentially associated with cardiovascular disease, avoiding the Western diet and adopting the DASH and Mediterranean diets may not only meet dietary magnesium intake but also reduce the prevalence of periodontitis. Based on the data of NHANES, this study explored the relationship between dietary magnesium intake and periodontitis, and further analyzed the dose-response relationship. There are still a few limitations in this study. As a result of information bias, especially recall bias, questionnaires often lead to inaccurate exposure estimations. Second, parallel adjustment for strongly correlated nutrients may not be the best way to identify the impact of a single nutrient independently, as the regression coefficients and standard errors tend to be unstable as covariance rises, making interpretation challenging. Finally, we cannot exclude the possibility of other unknown confounders.



Conclusion

Our study of the NHANES database found that dietary magnesium intake was negatively associated with the incidence of periodontitis, that two-thirds of the US population has magnesium deficiency, and that increasing magnesium intake through dietary modification could help reduce the prevalence of periodontitis.
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