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Background: Depression is a prevalent issue among older adults, affecting the quality of life and overall health of individuals. This study aimed to investigate the role of nutritional status in mediating the number of teeth and depressive symptoms.

Method: A prospective multi-ethnic baseline data of 6,632 adults aged 50 years and older was derived from the 2018 West China Health and Aging Trend study. Depressive symptoms were assessed using the 15-item Geriatric Depression Scale, and nutritional status was evaluated with the Mini Nutritional Assessment-Short Form. A multiple linear regression was performed to assess the associations among the number of teeth, nutritional status, and depressive symptoms. Mediation models and pathway analysis were employed to investigate the mediating role of nutritional status.

Results: The sample comprised 18 ethnic groups from western China. The percentage of depressive symptoms among participants was 17.3%. Multiple linear regression indicated a significant correlation between the number of teeth and depressive symptoms. The association remained statistically significant (β = −0.089; 95% CI −0.158, −0.020) after adjusting for MNA-SF scores. Mediation analysis confirmed nutritional status partially mediated the relationship between the number of teeth and depressive symptoms (indirect effect estimate = −0.059; 95% CI −0.076, −0.044, direct effect estimate = −0.089; 95% CI −0.158, −0.020). Furthermore, structural equation model for pathway analysis verified the correlation between the number of teeth, nutritional status, and depressive symptoms (p < 0.05).

Conclusion: Nutritional status partially mediated the association between the number of teeth and depressive symptoms, revealing significant direct and indirect effects. Early identification of nutritional deficits and the maintenance of oral health are essential for preventing depression in older adults.
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1 Introduction

With the extension of human life expectancy, aging has emerged as a significant public health challenge confronting the world (1). As individuals age, they inevitably suffer from a series of health problems, including cardiovascular diseases, metabolic disorders, neurodegenerative diseases, as well as mental disorders (2). A meta-analysis reported that depressive symptoms impact around 20% of older adults across China (3). However, cultural factors, such as the Confucian belief in accepting fate and the under-recognition in this population may lead to an underestimation of its true prevalence (4). Depression leads to higher risk of cardiovascular diseases, suicide (5), and exacerbation of comorbidities (6). It is reported that the total direct costs for older adults with depression are 73% higher compared to those without depression (7). Identifying the risk factors of depressive symptoms is crucial to developing tailored interventions. Previous studies indicated that oral health and nutritional status are associated with depression among older adults in several countries, such as the U.S., and the UK (8–10). However, less research focuses on the relationship between the number of teeth and depressive symptoms mediated by nutritional status among older adults.

Oral health is a critical determinant of overall health among older adults (11). Previous studies have indicated that poor oral health is associated with a higher risk of depression (12, 13) in the older population. The number of teeth serves as an objective indicator reflecting oral health. An increasing number of studies have indicated a correlation between the number of teeth and depression, malnutrition, and quality of life in aging individuals (14–19). Tooth loss is a prevalent issue among older adults (20). It is reported that nearly 50% of individuals aged 65 years and older in China experience unrepaired missing teeth (21). Tooth loss impacts oral function, orofacial appearance, speech ability, and self-esteem of older adults, subsequently leading to social isolation and depression (22).

Malnutrition is also prevalent among older adults, affecting 41.2% of community-dwelling individuals aged 60 years and older in China (23). Malnutrition in this population leads to adverse health outcomes, including depression, frailty, and sarcopenia (24, 25). Furthermore, malnutrition increases the risk of depression, which may be attributed to various nutrients (26). Nutrients such as omega-3 fatty acids, B vitamins (especially B12 and folate), vitamin C, magnesium, and zinc are essential for the maintenance of brain health. Deficiencies in these nutrients could affect the synthesis and function of neurotransmitters, which are associated with depressive symptoms (27). The number of teeth is closely associated with the nutritional status of older adults. A decreased number of teeth could impact their chewing ability, potentially leading to alterations to dietary preferences and affecting their overall nutritional intake (28), ultimately resulting in poor nutrition (29). The population of ethnic minorities in China is approximately 125 million, with the highest proportion located in the Western region, accounting for 70.22% (30). Distinct ethnic groups possess diverse genetic backgrounds, lifestyles, and dietary habits, which significantly influence their oral health, nutritional status, and vulnerability to depressive symptoms (31, 32). The mediating role of nutritional status between the number of teeth and depressive symptoms has not been elucidated among the multi-ethnic older population in Western China. Therefore, this study aimed to investigate whether nutritional status mediates the relationship between the number of teeth and depressive symptoms among multi-ethnic older adults in western China, as well as to determine the extent of this mediation contribution. The findings from this research could provide a scientific basis for tailored health interventions.



2 Materials and methods


2.1 Participants and procedures

The baseline data for the cross-sectional analysis were drawn from the 2018 wave of the West China Health and Aging Trend (WCHAT), a prospective multi-ethnic cohort study. A multi-stage random cluster sampling scheme was employed (33). The data were collected from 7,536 individuals representing 18 ethnic groups across four ethnically diverse regions of China: Xinjiang, Sichuan, Guizhou, and Yunnan by 7 medical institutions including (1) The West China Hospital of Sichuan University; (2) The Fifth People’s Hospital of Chengdu; (3) The Eighth People’s Hospital of Chengdu; (4) The Fifth Affiliated Hospital of Xinjiang Medical University; (5) The Yan’an Affiliated Hospital of Kunming Medical University; (6) The First Affiliated Hospital of Kunming Medical University; and (7) The Guizhou Province People’s Hospital. All researchers involved in data collection underwent one-on-one training and assessment before the investigation. The questionnaire adapted to reflect the cultural, linguistic, and lifestyle characteristics of western China. Details of the cohort had been published elsewhere (33). The inclusion criteria established in this study: (1) those who were 50 years and older; (2) those who implemented the depression assessment; (3) those who were no absence of covariates data. Participants who were under 50 years old (n = 97), did not implement depression assessment (n = 601), and lacked covariates data (n = 206) were excluded from the study. Ultimately, this study included 6,632 participants in analysis (Figure 1).
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FIGURE 1
 Flow chart of study participants.


The study received approval from the Ethical Review Committee of Sichuan university (reference: 2017-445) and registered in the Chinese Clinical Trial Registry (number: 180018895). The research adhered to the principles outlined in the Declaration of Helsinki.



2.2 Measurements


2.2.1 The number of teeth

The number of teeth was examined and counted by professional dentists. All dentists underwent standardized training and successfully passed a certification assessment before participating in the evaluation process. At each investigation site, two dentists conducted dental examinations simultaneously to ensure consistency. Whether individuals have denture usage was also inquired and checked.



2.2.2 Depressive symptoms

The depressive symptoms were evaluated employing the 15-item Geriatric Depression Scale (GDS-15), which consisted of 15 binary questions assessing feelings over the past week. The total scores ranged from 0 to 15, with a Cronbach’s alpha of 0.894 (34). A GDS-15 score of 5 or higher is indicative of depressive symptoms (35). This scale is widely utilized for detecting depression in older Chinese adults (36).



2.2.3 Nutritional status

The nutritional status of individuals was measured by the Mini Nutrition Assessment-Short Form (MNA-SF) scale, which comprised six items with an overall score ranging from 0 to 14. The Cronbach’s alpha of this 6-item MNA-SF scale was 0.87 (37), indicating high internal consistency. The 6 items include: (1) Has food intake declined over the past 3 months due to loss of appetite, digestive problems, chewing or swallowing difficulties? (2) Weight loss during the last 3 months; (3) Mobility; (4) Has suffered psychological stress or acute disease in the past 3 months? (5) Neuropsychological problems; (6) Body Mass index (BMl) (weight in kg) / (height in m2). If BMI is not available, replace it with calf circumstance (CC) in cm (38). It has been validated as an effective tool for screening older adults for the risk of malnutrition in various settings. The MNA-SF classified nutritional status as follows: 0–7 indicated malnutrition, 8–11 suggested a risk of malnutrition, and 12–14 denoted good nutritional status (39).



2.2.4 Covariates

Demographic, health-related and behavioral characteristics were adjusted in all models. Demographic characteristics include age, educational level, gender, marital status, occupation, longevity families (at least one family member aged 90 years or older across four generations), and ethnic group. Health-related characteristics encompass denture usage. Behavioral characteristics contain the type of drinking water, history of smoking, alcohol use, and tea drinking. These variables were comparable between groups.




2.3 Statistical analysis

Variables are described using the mean, standard deviation (SD), and percentage based on variable type. Differences between depressive symptoms categories and the variables under study were analyzed by analysis of variance (for continuous variables) and chi-square tests (for categorical variables). Utilizing multiple linear regression to investigate the correlation between the number of teeth, nutritional status, and depressive symptoms. Three multiple regression models were used to estimate 95% confidence intervals (CI) for each model. The number of teeth was used as the independent variable in all three models. Model 1 adjusted for age, educational level, gender, marital status, occupation, longevity families, religious belief, and ethnic group, denture usage status, and behavioral characteristics. Model 2 incorporated adjustments from model 1 and nutritional status scores. Two models used depressive symptoms scores as the dependent variable. Model 3 used nutritional status scores as the outcome variable with the same adjustment variables as model 1. The potential mediating effect of nutrition status on the relationship between the number of teeth and depressive symptoms was investigated using the total score of MNA-SF as a multi-categorical mediating model. Performing path analysis within the structural equation modeling (SEM) framework. All analyses were performed using R 4.3.0 with statistical testing set at two-sided significance value p < 0.05.




3 Results


3.1 Baseline characteristics

Overall, this study included a total of 6,632 participants, consisting of 4,147 women and 2,485 men who were aged 50 years old or older. The age of participants ranged from 50 to 95 years. Table 1 displays the demographic characteristics of the participants categorized by depressive symptoms. A total of 1,148 (17.3%) participants exhibited depressive symptoms, with a higher prevalence among women. Participants who were single, occasionally toothbrush usage, no usage of toothpaste (p < 0.05), lower educational level, and had poorer self-assessed oral health (p < 0.001) exhibited a higher prevalence of depressive symptoms. Additionally, participants with no history of smoking and drinking tea showed a higher prevalence of depressive symptoms (p < 0.001). The mean number of teeth was 21.2 (standard deviation [SD] 9.5), while the average MNA-SF score was 12.6 (SD 1.6). Supplementary Figure S1 illustrates the distribution of the number of teeth in different ethnic groups, whereas Supplementary Figure S2 shows the proportion of the number of teeth and depressive symptoms in different ethnic groups. Furthermore, it was observed that participants exhibiting depressive symptoms had a lower number of teeth (21.3 [9.4] vs. 20.6 [9.9]; p < 0.05) and lower MNA-SF scores (12.7 [1.5] vs. 12.1 [1.8]; p < 0.001) compared to normal group. This indicates that depressed individuals may have fewer residual teeth and poorer nutritional status.



TABLE 1 Sample characteristics grouped by depressive symptoms.
[image: Table1]



3.2 Associations between the number of teeth and nutritional status, depressive symptoms

Table 2 presents the outcomes of the multiple regression analyses for three different models. The multiple linear regression analysis revealed a negative correlation between the number of remaining teeth and depressive symptoms (model 1 β = −0.148; 95% CI −0.218, −0.078; p < 0.001). The association remained significant (model 2 β = −0.089; 95% CI −0.158 to −0.020; p < 0.05) even after adjusting for MNA-SF scores, although the coefficient of association decreased. Furthermore, the correlation between the number of teeth and nutritional status was statistically significant (model 3 β = 0.197; 95% CI 0.153, 0.241; p < 0.001).



TABLE 2 Multiple linear regression analysis of depressive symptoms, the number of teeth, and nutritional status.
[image: Table2]



3.3 Mediation effect of nutritional status between the number of teeth and depressive symptoms

The study utilized mediating analysis to investigate the mediating effect of nutritional status. Figure 2 demonstrates the correlation between the number of teeth and depressive status mediated by nutritional status. The analysis of the mediation model revealed that lower number of teeth is associated with poorer nutritional status (β = 0.197; 95% CI 0.153, 0.241), and nutritional status is negatively correlated with depressive symptoms (β = −0.301; 95% CI −0.338, −0.263). The number of teeth was found to have statistically significant mediating effects (β = −0.059; 95% CI −0.076, −0.044), direct effects (β = −0.089; 95% CI −0.158, −0.020), and total effects (β = −0.148; 95% CI −0.218, −0.078) on depressive symptoms, which are mediated by nutritional status. This suggests that nutritional status partially mediates the link between the number of teeth and depressive symptoms. The mediating proportion of nutritional status was 40.12% (95% CI 25.23%, 77.75%) (Supplementary Table S1). Statistical details of the mediation analyses were adjusted for covariates in Supplementary Table S1.

[image: Figure 2]

FIGURE 2
 The mediating effect of nutritional status in the mediation model chart.




3.4 Pathway analysis from the number of teeth and nutritional status to depressive symptoms

The structural equation modeling (SEM) framework was performed for pathway analysis (Figure 3; Supplementary Table S2). The pathway analysis using SEM revealed a negative correlation between the number of teeth and depressive symptoms (SEM coefficient: −0.026) and positively associated with nutritional status (SEM coefficient: 0.134), nutritional status was negatively related to depressive symptoms (SEM coefficient: −0.220). Furthermore, age and gender exhibited negative estimate coefficients in comparison to the number of teeth and nutritional status. Among the various ethnic groups, all except the Qiang displayed negative estimated coefficients when comparing the number of teeth and nutritional status. The Uygur group showing the most significant correlation with the number of teeth (SEM standardized coefficient: −0.233). Moreover, the Yi group demonstrated a strong coefficient between ethnicity and nutritional status (SEM normalization coefficient: −0.144). With regards to covariates, all p-values within the SEM pathway were significant except for the Qiang group. These findings further substantiated the relationship between the number of teeth, nutritional status, and depressive symptoms.

[image: Figure 3]

FIGURE 3
 A pathway analysis of the nutritional status’s mediation effects using the structural equation model (SEM) framework. Other ethnic group including the Zhuang, Man, Hui, Mongolian, Tujia, Bai, Khalkhas, Dong, Miao, and Lisu ethnic groups (**p < 0.05; ***p < 0.001).





4 Discussion

This study indicated that the number of teeth is associated with nutritional status and depressive symptoms among multi-ethnic adults aged 50 and older in western China. Furthermore, nutritional status mediates in the relationship between the number of teeth and depressive symptoms, and the mediation effect was 40.12%.

We found an association between the number of teeth and depressive symptoms among older adults, which is consistent with previous research findings. A longitudinal study revealed that older adults with 19 or fewer teeth had a 3.9% higher prevalence of depressive symptoms during the follow-up period compared to those with 20 or more teeth (22). Mohammad et al. found that individuals with depression were 48% higher likelihood of being edentulous compared to those without depression (40). A population-based cohort study of 1,668 subjects reported that fewer number of teeth was linked to an increased risk of developing depressive symptoms in middle-aged and older individuals living in the community (41). Osteocalcin is a vitamin K-dependent protein that may play a role in the pathogenesis of tooth loss and depressive symptoms (42–44). However, the underlying mechanism linking the number of teeth to depressive symptoms remain unclear and require further investigation.

This study found that nutritional status partially mediated the relationship between the number of teeth and depressive symptoms through a mediation model. Previous studies have indicated that older adult individuals with fewer teeth are related to poorer nutritional status (45), which is consistent with this study. A recent systematic review revealed that older adults with edentulous or lacked functional dentition was associated with higher prevalence of malnutritional (46). The number of teeth affects individuals’ chewing ability, leading to restricted dietary choices and nutrients intake. Sheiham et al. (47) found a decrease in the number of teeth is linked to reduced intake of nutrients such as protein, vitamin C, folic acid, and serum β-carotene. Additionally, older adults with diminished chewing ability tend to consume more sugars, sweets, fats, and carbohydrates, instead of fresh vegetables and fruits, which are rich in vitamins (20, 45), thereby increase the risk of malnutrition. The dietary preferences of various ethnic groups may contribute to tooth loss, subsequently resulting in malnutrition (48). Previous systematic body of evidence indicates that nutritional status is associated with depressive symptoms (49, 50). A study on older rural adults indicated that those who were malnourished had around three times higher risk of depression (51) compared to well-nourished individuals. Data from older adults residing in community with low education levels revealed a correlation between poor nutritional status and depression (52). Cytokines, such as Growth differentiation factor-15 (GDF-15), may play a role in the pathogenesis of malnutrition and depression (53, 54). Related study found that GDF-15 levels independently predict nutritional status (53), with higher GDF-15 levels indicating poorer nutritional status. And depression in later life is associated with elevated GDF-15 levels (54), monitoring the GDF-15 levels of older adults are crucial for future research into the relationship between nutrition and depression. Related studies also clarified that the number of teeth, overall healthy dietary patterns and depression were related to brain volume (55). The potential mechanism of changes in brain volume may further support the association between the number of teeth, nutritional status, and depressive symptoms.

Previous research has shown that age and gender are correlated with both the number of teeth and nutritional status (45, 56). In this study, SEM framework pathway analyses revealed that older and women participants were associated with a lower number of teeth and poorer nutritional status. However, a machine learning prediction analysis yielded different results (57). The analysis suggested that men have a higher risk of tooth loss compared to women, which was associated with the observation that most smokers within the study cohort were men. We also observed interesting differences in the number of teeth and nutritional status among these ethnic groups, with the Uyghurs group having the fewest number of teeth and the Yi group demonstrating the most compromised nutritional status. Researchers stated that genetic variant might be associated with dental morphology and dental related disease in Uyghurs. The EDARV370A genetic variant was associated with dental morphology among Uyghurs (58), and PAX9 and MSX1 gene mutations were related to non-syndromic oligodontia in Uyghurs (59). Genetics may contribute to the reduced number of residual teeth observed in Uyghurs. Limited evidence showed that cultural beliefs and customs could influence oral health through oral hygiene practices and diet (60). Some ethnic minorities may exhibit inadequate oral hygiene practices, such as utilizing leaves or twigs for dental cleaning instead of conventional toothbrushes (61). Concurrently, due to limited economic resources and educational levels, they may perceive tooth loss as a normal aspect of aging, thereby overlooking the implications of tooth loss on dietary choices and overall health (62). Furthermore, as older individuals experience a reduction in the number of teeth, their chewing ability may diminish, which could adversely affect dietary selection and lead to negative outcomes such as insufficient nutrient intake (63). Yi groups have diverse dietary habits and patterns, with differences between urban and rural areas (64) that would impact nutritional status. However, most research on the poor nutritional status of Yi people has focused on children (65, 66), and more relevant studies need to focus on multi-ethnic older adults in the future.

China is a vast country with numerous ethnic groups. Due to economic, geographical, linguistic, and other factors (67), minority area health human resources are relatively scarce, leading to limited access to healthcare resources (68). Improving the oral health and nutritional status of older adults in minority areas is essential. This study preliminarily explored nutritional status mediated the relationship between the number of teeth and depressive symptoms among older adults residing in western China communities. Future studies should consider long-term longitudinal follow-up to systematically analyze the multidimensional influencing factors on the mental health of multi-ethnic older adults. Nurse-led interprofessional care, addressing both health and social needs could improves depression outcomes in older adult adults (69). Therefore, community caregivers should collaborate with interprofessional teams (such as dental specialists, dietitians, and social workers), focusing on the oral health and nutritional status of older adults and providing older adult-centered mental health care services. Communities could develop personalized oral health care plans for older adults by integrating various oral health care practices. This may include regular home visits from professional dentists to conduct oral examinations and provide guidance on proper toothbrushing techniques. Moreover, it is essential to focus on the nutritional status of the older population. The integration of nutritionists into community healthcare teams could enhance the formulation of diverse and age-appropriate dietary strategies. These potential intervention strategies are necessary for the prevention of depression.


4.1 Limitations

This study has several limitations. First, the cross-sectional design precludes the determination of causality in the correlation between the number of teeth and depressive symptoms mediated by nutritional status. Second, lack of detailed oral health variables such as periodontitis, chewing ability, tongue pressure, and swallowing. Third, GDS-15 functions as a screening tool for depression rather than a diagnosis tool. Potential bias existed in the analysis, so cautiously interpreting the results was necessary. Longitudinal data is essential to confirm the link between the number of teeth, nutritional status, and depressive symptoms. Future research should employ objective measures for assessing nutritional status, perform thorough examinations of oral health, and utilize clinically structured assessments for diagnosing depression.




5 Conclusion

In summary, our study revealed significant association between the number of teeth, nutritional status, and depressive symptoms in multi-ethnic older adults in western China. It was found that nutritional status plays a mediating role in the relationship between the number of teeth and depressive symptoms. Therefore, it is important for community caregivers to prioritize the overall oral health and nutritional status of older individuals to mitigate the risk of depression.
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SD, standard deviation; MNA-SF, Mini Nutrition Assessment-Short Form.
Chronic diseases include hypertension, coronary heart disease, chronic obstructive pulmonary disease, gastrointestinal diseases, liver disease, kidney disease, diabetes, mental diseases,
osteoarthrits, cancer, cataract, deafiness, and so on. Other ethnic group including the Zhuang, Man, Hui, Mongolian, Tujia, Bai, Khalkhas, Dong, Miao, and Lisu ethnic groups.
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