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Background: Currently, only a few studies have examined the link between dental health, cognitive impairment, and physical activity. The current study examined the relationship between denture use and physical activity in elderly patients with different cognitive abilities.

Methods: The study data was sourced from the 2018 China Health and Retirement Longitudinal Study (CHARLS) database, which included information on denture use and amount of daily physical activity undertaken by older persons. Physical activity was categorized into three levels using the International Physical Activity General Questionnaire and the International Physical Activity Scale (IPAQ) rubric. The relationship between denture use and physical activity in middle-aged and older persons with varying degrees of cognitive functioning was studied using logistic regression models.

Results: A total of 5,892 older people with varying cognitive abilities were included. Denture use was linked to physical activity in the cognitively healthy 60 + age group (p = 0.004). Denture use was positively related with moderate physical activity in the population (odds ratio, OR: 1.336, 95% confidence interval: 1.173–1.520, p < 0.001), according to a multivariate logistic regression analysis, a finding that was supported by the calibration curve. Furthermore, the moderate physical activity group was more likely to wear dentures than the mild physical activity group among age-adjusted cognitively unimpaired middle-aged and older persons (OR: 1.213, 95% CI: 1.053–1.397, p < 0.01). In a fully adjusted logistic regression model, moderate physical activity population had increased ORs of 1.163 (95% CI: 1.008–1.341, p < 0.05) of dentures and vigorous physical activity population had not increased ORs of 1.016 (95% CI: 0.853–1.210, p > 0.05), compared with mild physical activity population.

Conclusion: This findings revealed that wearing dentures affects physical activity differently in older persons with different cognitive conditions. In cognitively unimpaired older adults, wearing dentures was associated with an active and appropriate physical activity status.
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Introduction

Of late, oral diseases have emerged as a global public health problem. Approximately 55% of the population suffers from varying degrees of oral diseases, with the elderly being particularly at risk; consequently, oral diseases pose a major disease burden (Quine and Morrell, 2009; Peres et al., 2019). Oral diseases can be caused by aging, digestive and endocrine system dysfunction, chronic stress, nutritional deficiencies, and unhealthy lifestyle habits (Jin et al., 2016; Pflipsen and Zenchenko, 2017; Peres et al., 2019). In developing countries, oral diseases are largely treated ineffectively, and the elderly are more likely to be affected by them and have difficulty accessing dental care (Quine and Morrell, 2009; Peres et al., 2019). Oral diseases not only affect the physiological functions of the mouth, such as chewing and pronunciation, but are also closely related to heart disease, stroke, diabetes, and other systemic diseases, thereby endangering the quality of life of the middle-aged and elderly populations (Nazir et al., 2018; Gondivkar et al., 2019). Therefore, oral diseases are closely associated with malnutrition and systemic diseases. These problems can be prevented with dentures (Preshaw et al., 2011; da Mata et al., 2019; Bannwart et al., 2021).

Studies have shown an association between oral health status and cognitive dysfunction, with poor cognitive status often being accompanied by poor oral health status (Delwel et al., 2018; Farsai, 2021). People who do not wear dentures have a reduced masticatory function, which may be associated with mild cognitive impairment, and dentures may improve this condition (Kim et al., 2020). In addition, among patients with Alzheimer’s, those who wore dentures were demonstrated to have a higher mortality rate than those who did not (Yun et al., 2020). Denture wear may be associated with a protective effect on cognitive function in the elderly, based on these studies. However, research on how dentures protect cognitive function in the elderly is lacking. This study aimed to analyze the factors influencing the cognitive status of older adults in China comprehensively and systematically.

The academic community has been paying increasing attention in recent years to systemic frailty caused by oral frailty, and oral health is a useful screening tool for early debilitating symptoms (Watanabe et al., 2020). For instance, the deterioration of oral health induces frailty in patients with cardiovascular disease (Ogawa et al., 2021). Thus, the deterioration of oral health is a risk factor for the development of frailty, and frailty accelerates the onset of cognitive decline in the elderly (Jongsiriyanyong and Limpawattana, 2018). Although dentures can improve oral function, not all patients with tooth loss wear them, a phenomenon that is particularly prevalent in developing countries. In addition to preventing frailty and slowing dementia progression, physical activity, including aerobic exercise, has also been found to prevent frailty (Panza et al., 2018). Interestingly, the willingness of the population to participate in physical activity was found to be positively associated with improvements in oral health (Sanchez et al., 2020). Therefore, we hypothesized that improved oral function (e.g., chewing, speaking, and appearance functions) with dentures could promote the willingness of the population to be physically active, which could potentially explain the prevention of cognitive impairment and related systemic diseases in the elderly with dentures.

Much has been written about the mutual promotion of physical activity and physical health through the ages (De la Rosa et al., 2020). However, the relationship between denture-related oral health and physical activity remains unclear. The China Health and Retirement Longitudinal Study (CHARLS) contains high-quality microdata representing households and individuals aged 45 and older in China, which allows researchers to analyze population aging and promote interdisciplinary research (Strauss et al., 2010; Zhao et al., 2021; Zhou et al., 2022). The purpose of this study is to investigate the relationship between denture-wearing and physical activity in older adults with different cognitive function states, in order to provide new data and reference points to slow down cognitive decline and improve seniors’ quality of life.



Methods


Study sample

Data was sourced from the 2018 CHARLS database. This database is a national survey study among Chinese adults aged ≥45 years, and uses multi-stage sampling and probability-proportionate-to-size sampling at the urban and rural areas administrative unit sampling stages (Strauss et al., 2010; Zhong, 2011). The CHARLS study sample consists of 150 district-level units (scattered across 28 provincial units nationwide), 450 rural areas-level units, and covers a total of 20,814 individuals. The survey method uses face-to-face interviews to provide detailed information on demographics, health status, socioeconomic status, and lifestyle habits. It makes it possible to estimate the population’s oral health and analyze the association between physical activity levels and cognitive impairment in old age. The sample used in this study was 10818 elderly people aged 60 years and older who had been surveyed as part of CHARLS in 2018, excluding 322 cases with missing age values, 1910 cases with missing physical activity information, and 3016 cases with missing cognitive function information. Finally, the number of eligible samples amounted to 5892 cases, comprising 3,162 men and 2,730 women (Figure 1).
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FIGURE 1
Study flow.




Physical activity judgment criteria

Participants were randomly selected to answer questions about their physical activity. The International Physical Activity General Questionnaire categorizes physical activity intensity into three categories: vigorous physical activity, moderate physical activity, and mild physical activity. Vigorous physical activity includes physically demanding activities similar to heavy lifting, farming, aerobics, and digging. Moderate physical activity includes bicycling at regular speed, mopping up, tai chi, carrying light things, walking at a brisk pace, and so on. Mild physical activity includes walking for work, as well as activities for recreation, exercise, or leisure purposes. The intensity of physical activity, the time spent on activity per week, and the duration of activity per day are all included in each physical activity assessment. The duration of each activity is categorized into four levels: <0.5 h, ≥0.5 h but less than 2 h, ≥2 h but less than 4 h, and ≥ 4 h. Further, the physical activity level of the elderly is classified into low, medium, and high intensity according to the International Physical Activity Scale (IPAS) (Garber et al., 2011).



Determination of cognitive impairment

Cognitive impairment was evaluated using the Mini-Mental State Examination scale (MMSE), which has a total score of 30 points (Folstein et al., 1975). The MMSE includes questions on memory, orientation, attention and numeracy, recall, as well as language skills. As described in previous studies, cognitive impairment was defined as MMSE scores < 17, < 20, and < 24 for illiterate individuals, those who had studied up to elementary school, and those who had studied up to secondary school, respectively (Chen et al., 2021).



Chronic disease assessment

Based on the answer to the question “Have you been diagnosed by a doctor as XX?” it was determined whether the patient had hypertension; dyslipidemia; diabetes; chronic lung diseases; heart attack; stroke; kidney disease; memory related disease; brain damage; emotional, nervous or psychiatric problems; cancer or malignant tumor; asthma; arthritis or rheumatism; liver disease, stomach, or other digestive diseases. These chronic conditions were categorized as “yes” or “no” and were selected based on a longitudinal pilot study. Self-reported health status was also recorded with the question “How satisfied are you with your health status?” The answers ranged across “very poor,” “poor,” “fair,” “good,” and “very good.”



Demographic variables and personal health-related behaviors

Demographic variables included age, sex, education, marital status, and region of residence. Educational levels included illiteracy elementary-school education, and secondary school education. Marital status was categorized as divorced or separated, married, never married, and widowed. The region of residence included the rural and urban areas. Personal health-related behaviors included smoking, alcohol consumption, daily sleep duration, and frequency of social activities. Smoking status was c classified into never smoked, formerly smoked but quit, and currently smoking. The frequency of alcohol consumption was reported as more than once a month, less than or equal to once a month, and never. Patients’ nap times and total sleep time during the day were collected, which allowed an inference of patients’ nighttime sleep duration. In addition, participants were considered to have a history of falls if they answered that they had a fall in the past two years.



Assessment of life quality

Activities of daily living (ADL) and Instrumental Activities of Daily Living (IADL) were used as indicators to evaluate the status of basic life activities and instrumental life activities, respectively. The six ADL items were dressing, bathing, eating, transferring, self-control, and toileting (Lawton and Brody, 1969; Gill et al., 1995). The six IADL items were doing housework, cooking, shopping, making phone calls, taking medication, and managing money. As described in a previous study, for each ADL or IADL task, functional ability was measured on a four-point scale (Zhang et al., 2021). We summed the scores on the ADL and IADL tasks as the ADL and IADL scores, respectively. For the disability data, participants were also asked whether they had physical disabilities, vision problems, hearing problems, or speech impediments. Answers were categorized as either “yes” or “no”.



Statistical analyses

Statistical analyses and graphical representations were performed using R software, version 4.0.2 (The R Foundation for Statistical Computing, Vienna, Austria) and SPSSAU (Version 22.0) [Online Application Software], a web tool1. Descriptive statistics were analyzed for basic demographic characteristics, somatic health, and health behaviors of the study participants with different cognitive statuses. For normally distributed data, the means and standard deviations (SDs) are described; for non-normally distributed variables, the medians and interquartile ranges (IQRs). The t-test was used to analyze differences between normally distributed, quantitative variables. The Wilcoxon test was used to compare differences between non-normally distributed variables, and a chi-square test was used for comparisons between groups. Multifactorial analysis was performed using logistic regression models to clarify the effects of different factors on the physical activity of older adults as previous researches (Chen et al., 2020, 2022; Dong et al., 2021; Shi et al., 2021; Ying et al., 2021; Mo et al., 2022). GiViTI method can be used both to evaluate the internal calibration (i.e., the goodness of fit) and to assess the validity of an externally developed model. As shown in previous studies, the function of logistic regression models was evaluated using the GiViTI method, and the RMS-package was used to plot the GiViTI calibration belt (Poole et al., 2012; Jiang et al., 2022). Significance level of α was set at 0.05. Effect sizes are shown in the form of odds ratios (OR) and their corresponding 95% confidence intervals (95% CI).




Results


Characteristics of samples

Among the 5,892 cases investigated, 4,083 (69.30%) had no cognitive impairment, including 2,426 (59.41%) without dentures and 1,657 (40.58%) with dentures. A total of 1,809 cases (30.70%) had cognitive impairment, including 1,185 (65.50%) without dentures and 624 (35.50%) with dentures. Supplementary Table 1 shows the characteristics of the included participants. For those with no cognitive impairment, the age, sex, place of residence, marital status, social activity, physical disabilities, physical activity, and MMSE scores were significantly different between the groups with and without dentures. For the population with cognitive impairment, only sex, presence of dyslipidemia, history of heart attack, and MMSE scores were statistically significantly different (Supplementary Table 1). MMSE values were higher in those wearing dentures including those with and without cognitive impairment, suggesting that cognitive levels indicated by MMSE scores were higher in older patients wearing dentures than in those without dentures (p < 0.05). However, wearing dentures was found to be associated with physical activity only in those who did not have cognitive impairment (p = 0.004).



Logistic regression analysis to determine the factors associated with denture use in the presence or absence of cognitive impairment

As shown in Table 1, the relationships between sociodemographic features, social relationships, personal health information, and denture use in this study were included in the one-way logistic regression model for analysis. For those with no cognitive impairment, advanced age, being male, smoking, social activity, dyslipidemia, and physical activity were found to be associated with denture use in the univariate regression analysis (p < 0.05). Meanwhile, age (OR = 1.032, 95% CI: 1.020–1.044, p < 0.001), sex (OR = 0.603, 95% CI: 0.500–0.727, p < 0.001), smoking status (OR = 0.786, 95% CI: 0.653–0.947, p = 0.011), and physical activity (OR = 1.336, 95% CI: 1.173–1.520, p < 0.001) were found to be associated with denture use in the multivariate logistic regression analysis. For the population with cognitive impairment, sex, smoking, asthma, and liver disease were found to be associated with denture use on univariate regression analysis (p < 0.05). Among these, only asthma (OR = 0.587, 95% CI: 0.357–0.963, p = 0.035) was found to be associated with denture use in the multivariate logistic regression analysis. To further visualize the ability of age, sex, smoking status, and physical activity to predict denture use, a nomogram prediction model was plotted (Figure 2A). Denture wearing status was predicted by the nomogram prediction model based on age, sex, smoking status, and physical activity. The GiViTI calibration belt suggested that the model had a fair predictive power ranging from 30 to 60% (Figure 2B). The above findings suggested that denture use was positively associated with moderate physical activity in people without cognitive impairment. Accordingly, denture-wearing may promote moderate physical activity in the non-cognitively impaired population, but this positive effect was masked by cognitive impairment in the cognitively impaired population.


TABLE 1    Univariate and multivariable logistic regression analysis of patients with and without dentures.
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FIGURE 2
Logistic regression analysis to determine the factors associated with denture use in the presence or absence of cognitive impairment. (A) Denture wearing status was predicted by the nomogram prediction model based on age, sex, smoking status, and physical activity. A nomogram consists of three main parts: (I). the scoring part, which represents each variable at different values by a single score; (II). the indicator part, which includes such variables as age, sex, smoking, and physical activity. On the line segment, each indicator is marked with a scale that indicates its range of values. Indicators contribute to the ending event based on their length of line segments in the diagram; (III). the ending segment, i.e., total points and wear dentures risk in the diagram, where total points indicate the total score of all indicators after taking the values of the corresponding individual scores together. Probability indicates the likelihood of achieving a goal when an event occurs; (B) This nomogram’s calibration plots.




Characteristics of study participants without cognitive impairment

Among the 4,083 patients without cognitive impairment, 809 performed vigorous physical activity, 1,402 performed moderate physical activity, and 1,872 performed mild physical activity. Among the different physical activity-groups, age, sex, denture use, residence, education, marital status, drinking, social activity, self-report health conditions, cognitive impairment, comorbidities (chronic lung diseases, history of heart attack, history of stroke, cancer or malignant tumor), physical disabilities, ADL, and MMSE scores were significantly different (p < 0.05) (Table 2). This suggested that the intensity of physical activity in the population was significantly associated with their cognitive level, physical health status, basic demographic characteristics, and the quality of life. In the present study, we also found that the proportion of denture use in the non-cognitively impaired population was the highest in the moderate physical activity population (p = 0.004) (Figure 3A). The mean MMSE score was higher in the moderate physical activity group relative to the others (p < 0.001) (Figure 3B). The mean age of the mild physical activity population was greater than that of the moderate physical activity and vigorous physical activity populations (Figure 3C). This suggested that the physical activity level of the population decreased with age.


TABLE 2    Baseline characteristics of study participants without cognitive impairment according to physical activity status.
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FIGURE 3
Analysis of factors influencing physical activity. (A) Bar graph showing the difference in the proportion of denture wearing in different physical activities. (B,C) Bar graph showing the difference in MMSE(B) and Age (C) in different physical activities. ***p < 0.001, ****p < 0.0001.




Multivariate logistic regression models found an association between denture use and moderate physical activity in older adults without cognitive impairment

Table 3 shows that moderate physical activity was 1.173 times more likely to use dentures than those with mild physical activity (95% CI: 1.019–1.349). Both the age-adjusted OR (95% CI) and the age- and sex-adjusted OR (95% CI) showed a higher rate of denture use among those with moderate physical activity (OR = 1.213, 95% CI: 1.053–1.397, p < 0.01; OR = 1.184, 95% CI: 1.027–1.365, p < 0.05, respectively). A multivariate model adjusting age, sex, and MMSE also showed a higher rate of denture use among those performing moderate physical activity (OR = 1.163, 95% CI: 1.008–1.341, p < 0.05). In contrast, the likelihood of denture use was not increased in the vigorous physical activity group (OR = 1.016, 95% CI: 0.853–1.210, p > 0.05). Our findings suggested that denture use was associated with active and appropriate physical activity status in cognitively normal middle-aged and older adults.


TABLE 3    Association between wear dentures status and physical activity by multivariate logistic regression models in older adults without cognitive impairment.
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Discussion

In this study, the interrelationship between denture use and physical activity in the elderly population was investigated using the presence or absence of dentures and physical activity as exposure factors, respectively. As shown in Supplementary Table 1, denture use was positively correlated with age. Interestingly, in the analysis illustrated in Table 2, we found that denture use was associated with more moderate physical activity. However, we also found that the level of physical activity decreased with age in the population. Normally, we assume that those who wear dentures tend to be older, are physically inactive, and exercise lesser. However, a surprising finding that caught our attention was that the physical activity generally increased after wearing dentures. Therefore, we proposed a presumed that denture use would impact physical activity and that this effect will be more pronounced after age correction. We used multivariate logistic regression models to analyze the correlation between denture use and physical activity in older adults without cognitive impairment. After adjusting for confounding factors such as sociodemographic characteristics and cognitive status, we found a correlation between denture use and physical activity in the middle-aged and elderly population. In addition, the GiViTI calibration belt validated the predictive power of the model in this study. Therefore, older adults with cognitively normal physical activity levels use dentures more frequently.

Previous studies suggested that people wearing dentures tended to be older and in poorer health (Castrejon-Perez and Borges-Yañez, 2012; Lee and Sabbah, 2018; Albani et al., 2021). A decline in MMSE scores is a sign of cognitive impairment in old age (Tahami Monfared et al., 2022). We found that those wearing dentures had lower cognitive levels and were older relative to those who did not. Physical inactivity is generally associated with decreased MMSE scores and dementia (López-Ortiz et al., 2021). However, these denture-wearing populations were more likely to have appropriate physical activity. Therefore, wearing dentures may have prevented a decline in physical activity due to declining cognitive levels and aging.

In the middle-aged and older populations, oral disease is usually associated with lifestyle conditions. Moreover, oral disease often leads to changes in oral habits and dietary choices, including poor nutrition, dietary restrictions, alcohol use, and other factors that may increase the risk of frailty or reduce physical activity (Farmer et al., 1988; Albani et al., 2021). Our findings suggest that people who wear dentures, even if they are older and in poorer physical condition, may have sufficient energy to participate in physical activity because of better nutrient intake compared to those with poor oral health who were not properly treated (Gupta et al., 2019). The restoration of oral function has a positive effect on nutritional intake, the prevention of frailty, the prevention of aggravation of cognitive impairment, and the maintenance of mental health (Hakeem et al., 2019; Watanabe et al., 2020). Recovery of all these indicators improves the patient’s ability to care for themselves (Gupta et al., 2019; Sabbah et al., 2020). In the present study, denture use was associated with an active and appropriate physical activity status. In people with cognitive impairment, this willingness to exercise disappeared probably due to a decrease in self-care. Therefore, we advocate that elderly people with dental loss seek reasonable treatment as soon as possible, since it can improve their quality of life and the overall prognosis of systemic diseases (Papadaki and Anastassiadou, 2012; Gupta et al., 2019).

The loss of teeth has been associated with multiple systemic comorbidities, as the more teeth lost, the higher the death risk from all causes (Yu et al., 2021). Our study supports previous research that dentures can repair the loss of health due to tooth loss (Chen et al., 2020). In fact, socioeconomic status, such as education and income level, is highly correlated with access to dental care, as evidenced by the availability of dentures (Chalub et al., 2016; Elani et al., 2021). Older adults with impaired oral function can experience physical weakness and other adverse health outcomes, including death (Fried et al., 2001; Tanaka et al., 2018; Hakeem et al., 2021). Continued deterioration in oral health has been found to be a significant predictor of mortality (Tanaka et al., 2018; Gupta et al., 2019).

In addition, we also explored the effect of sex on the relationship between denture-wearing and moderate physical activity. It was found that denture-wearing and moderate physical activity were more likely to occur in older women with oral disease than in men. This may be due to differences in the physical structure, emotional characteristics, and social roles between men and women. However, after adjusting for confounding factors such as sex, age, and MMSE, moderate physical activity was still found to be associated with denture-wearing.

In summary, this study indirectly argues for a potential relationship between early treatment of oral disease and physical activity based on data from a large sample. We found that oral health is affected in humans following cognitive impairment. And our work may reveal specific changes in oral health that are influenced by cognitive state, which may be a critical connection in the interaction between the nervous system and the oral cavity. Therefore, the findings of this study may also have implications for the advancement of basic research on oral-neurovascular diseases. Previous research on cognitive impairment affecting oral health for overall health is extremely limited, and our study may provide new ideas to facilitate the study of cognitive effects on the oral health. 5,892 cases were included in this study, thereby reducing the possibility of too many variables and statistical analysis methods, which may lead to α error. We found an association between denture wearing and physical activity after controlling for covariates such as sociodemographic factors and the cognitive status. Poor oral hygiene may threaten the physical health of patients, and a moderate exercise program is positively associated with oral function (Farmer et al., 1988; Hakeem et al., 2019; Miyoshi et al., 2021; Mun et al., 2021). There are some limitations to this study. First, only denture wear data was included, since it was not possible to determine why patients did not wear dentures. It was perhaps because their oral cavity was in a healthy condition, or maybe they did not wear dentures for socioeconomic reasons despite having missing teeth. Therefore, the participants without dentures in this study is two types. First is healthy dentate who need not denture. The other is partially or fully edentulous, but not use denture. As the CHARLS database does not measure the number of teeth, future studies will need to distinguish between the two types of dental caries. A few confounding factors, such as cases with missing MMSE data, should also be considered when interpreting the study results. Patients with cognitive impairment may have been unable to complete the questionnaire, introducing potential selection bias. Additionally, due to the cross-sectional study design, we were unable to establish a causal relationship between wearing dentures and moderate physical activity. It is therefore necessary to conduct further research in the future on the potential causal mechanisms between poor oral health and physical activity. Also, many elderly people in developing countries may be less concerned about their general health in developing countries, where oral health is generally poor, so they may be reluctant to seek prosthetic restoration. There is a possibility that people who wear dentures are more motivated to exercise and are more focused on whole body and oral health. Therefore, the study may have screened for those who placed more importance on their health.



Conclusion

We found a relationship between moderate physical activity and denture wearing in a population without cognitive impairment, even after controlling for age, sex, and cognitive impairment. A particular benefit of wearing dentures is that it delays or reduces mild cognitive impairment. The treatment of tooth loss in older adults should be sought as soon as possible in order to improve their quality of life and prevent frailty.
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