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Abstract 

Background: This study explored the association between oral health and depression occurs via daily dietary 
satisfaction as a mediator, and that body mass index could moderate the path between daily dietary satisfaction and 
depression.

Methods: Data for this research were derived from a community survey adopting quota sampling in the cities of 
Tianjin and Shijiazhuang in mainland China in 2020 (N = 781). The moderated mediation model was tested by using 
bootstrapping with resampling strategies, and the Johnson-Neyman technique was used to visualize the moderating 
effect of body mass index.

Results: A significant negative association between oral health and depression has been indicated (B = −0.22, 
SE = 0.11, 95%CI [− 0.44, − 0.01]), and dietary satisfaction partially mediated the relationship between oral health 
and depression (B = −0.04, SE = 0.02, 95%CI [− 0.09, − 0.002]). The path was moderated by body mass index, and the 
effect of dietary satisfaction on depression was much greater in people with relatively low body mass index.

Conclusions: This study present evidence for policymakers and researchers that strategies to enhance oral health 
and daily dietary satisfaction could be important for preventing depression in Chinese older adults, and especially for 
the relatively fitter older groups with lower body mass index.

Keywords: Ageing process, Daily dietary satisfaction, Body mass index, Health ageing

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Depression is a pervasive mental disorder worldwide, 
with an estimated 3.8% of the population affected, includ-
ing 5.7% of adults older than 60 years [1]. Since 2013, 
depression has been identified as the fourth leading cause 
of disability in older adults [2]. In China, depression has 
also become a major public health issue affecting older 
residents. According to the latest data from the China 
Health and Retirement Longitudinal Study (CHARLS), 

approximately 36.9% of older adults reported depressive 
symptoms (CHARLS Research Team, 2018). The occur-
rence of depression in late life was significantly associ-
ated with an elevated caregiving burden, an elevated 
possibility of suicide, and an increased use of healthcare 
[3]. Predictors of depression among Chinese older adults 
include, but are not limited to, demographic, physical, 
economic, cognitive, and social factors [4–6]. However, 
as an important aspect of general health status, the rela-
tionship between oral health and depressive symptoms 
among older adults has rarely been studied in Chinese 
communities.

Nevertheless, studies from non-Chinese communities 
have thoroughly documented oral health as a significant 
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factor leading to depression. For example, toothache, 
periodontal bleeding, tooth loss, and edentulism have 
been indicated as risk factors of depression [7, 8]. A pos-
sible explanation of these findings is that oral health is an 
important contributor to the life circumstances of older 
adults. Scholars have found that oral diseases can pre-
dict older people’s lifestyle and subjective well-being as a 
result of problems with food selection, nutritional status, 
facial profile, and social interaction causing depressive 
symptoms [7, 9].

Among the aforementioned challenges, older adults 
with poor oral health are particularly vulnerable to 
changes in food preferences and deficient nutritional 
intake in their daily diet [10, 11]. Older people who 
have difficulties on chewing or biting comfortably are 
less likely feel satisfied with their daily dietary intake. In 
Chinese society, according to the viewpoint of Chinese 
Medicine, it is believed that a poor diet causes diseases. 
An old Chinese proverb says ‘a good appetite is a bless-
ing for older adults.’ Therefore, we argue that daily dietary 
satisfaction provides a mediation mechanism that helps 
explain the correlation between oral health and depres-
sive symptoms among Chinese older adults. However, 
the mediating effect of daily dietary satisfaction on the 
relationship between oral health and depressive symp-
toms is not well understood in the current literature.

In addition, available studies have revealed that depres-
sion and other relevant indicators (such as quality of life, 
subjective well-being, and life satisfaction) fluctuated 
with body mass index [12–15]. Overweight older indi-
viduals were significantly more likely to be vulnerable to 
depression [16] than their counterparts with a lower body 
mass index. This may reflect a biological mechanism 
that weight gain and obesity involved increased risks of 
inflammation, the hypothalamic-pituitary-adrenal axis 
dysregulation, diabetes mellitus, and insulin resistance, 
which could correlate with depressive symptoms closely 
[14]. Apart from biological mechanism, social-psycho-
logical mechanism underlying the moderating role of 
body mass index should be outlined. It is necessary to 
point out that individuals with different BMIs display 
diverse food structures and dietary preferences, which 
may have influence on the path between dietary satisfac-
tion and depressive symptoms. There was research show-
ing that a dietary intake pattern characterized by higher 
consumption levels of cereals, nuts, vegetables and fruits 
(which required healthier oral health conditions) was 
more prevalent among older adults with lower body 
mass index than among those in the obese group [17]. 
Taken both biological and social-psychological mecha-
nisms together, a more comprehensive analytic frame-
work should be considered when exploring the mediating 
effect of dietary satisfaction on the relationship between 

oral health and depressive symptoms, and we assume 
that the relationship between daily dietary satisfaction 
and depressive symptoms differs across various levels of 
body mass index.

Overall, although poor oral health has been shown 
to be positively associated with depressive symptoms, 
research conducted in the Chinese context has been very 
limited. Whereas China has shown a similar aging pro-
cess to the global trend of aging, Chinese older individu-
als may have different patterns in terms of health and of 
risk factors for well-being due to their unique lifestyle 
and culture. Therefore, it is worthwhile to investigate the 
association between oral health and depressive symp-
toms among Chinese older adults. Moreover, we also 
speculate that an individual’s daily dietary satisfaction is 
an important mediator, in conjunction with the moder-
ating effect of body mass index. Thus, when we examine 
oral health as a risk factor for depressive symptoms, we 
will include the heretofore rarely investigated moder-
ated mediation effect of daily dietary satisfaction. Conse-
quently, the aims of this study were to understand how 
oral health relates to depressive symptoms via a moder-
ated mediation model. We postulated that the mediator 
(daily dietary satisfaction) and the moderator (body mass 
index) would represent a comprehensive interrelation-
ship and would provide convincing new mechanisms for 
the association between oral health and depressive symp-
toms among older Chinese adults.

To be more specific, we proposed the hypotheses as 
follows:

Hypothesis 1. There is an association between oral 
health and depressive symptoms in Chinese older 
adults (total effect c’).
Hypothesis 2. Oral health has a specific, indirect 
effect on depressive symptoms through dietary sat-
isfaction (mediation effect a-b).
Hypothesis 3. Body mass index has a specific moder-
ating effect on the path between dietary satisfaction 
and depressive symptoms (moderation effect b-d).

Methods
Data and sampling
The data for this study were derived from a community 
survey of China, in 2020. A quota sampling method 
was used to select a sample from Tianjin City and Shi-
jiazhuang City in Hebei Province, China. First, five 
districts were randomly selected in each city. Second, 
two communities were randomly selected in each dis-
trict, for a total of 10 communities in each city. Forty 
respondents aged 60 years and older were selected 
in each community. Age and gender ratio of the 
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respondents were controlled in accord with their sta-
tistical representation in the latest local demographic 
data. The respondents had to meet the following cri-
teria: (1) have local household registration status; (2) 
be aged 60 years or older; (3) have lived in their local 
community for more than 180 days during the previous 
12 months.

Trained interviewers conducted face-to-face interviews 
at the respondents’ homes and local community centers. 
All of the respondents signed an informed consent form 
before the start of the survey. They were also informed of 
their right to withdraw from the study at any time. A total 
of 853 people were interviewed, and 800 people com-
pleted the interview. The Short Portable Mental Status 
Questionnaire (SPMSQ) was used to assess the respond-
ents’ cognitive function [18]. A power analysis using the 
G-Power computer program [19] indicated that a total 
sample of 89 people would be needed to detect moder-
ate effects (f = 0.15) with 95% power using linear multi-
ple regression. After removing observations with missing 
values for key variables, a total sample of 781 individuals 
was used in the analysis. A comparison between the full 
observations with imputed missing data (N = 799) and 
the reduced observations without missing data (N = 781) 
showed that they were not significantly different in any of 
the research variables (Please refer to the Additional file 1 
for the detailed results).

This survey submitted a research proposal and related 
materials for research ethics review and was endorsed by 
the institutional review board of The University of Hong 
Kong (Reference No.: EA2003026).

Measurements
Dependent variable
Depressive symptom was the study’s dependent variable. 
We used the 10-item Center for Epidemiologic Stud-
ies Depression Scale (CES-D-10), which has commonly 
been used to measure the levels of depressive symptoms 
among older respondents [20, 21]. This scale included 
negative-mood items, such as “I am troubled by some 
small things” and “I feel lonely,” items related to posi-
tive emotions, such as “I am happy” and “I am hopeful 
for the future,” and items related to somatic syndromes, 
such as “My sleep is not good.” Answers were assessed 
on a five-point Likert-type scale (1 = rarely or none of 
the time, 2 = not much of the time, 3 = almost half of the 
time, 4 = most of the time, 5 = almost every day). Two 
reverse questions were reverse coded. Summed scores 
represented the level of depressive symptoms (in a range 
of 0–50), with higher scores indicating higher levels of 
depressive symtoms. The Cronbach’s alpha estimate of 
CES-D-10 was 0.755 in this sample.

Independent variable
Oral health was the study’s independent variable and 
was measured by one single question: “What do you 
think of your current oral health condition (including 
your teeth or dentures, and your gums)?” The responses 
were assessed on a six-point scale (ranging from 
1 = terrible to 6 = very good), so the higher the score 
was, the better the respondent’s oral condition was. 
Self-rating provides a simple and direct way of captur-
ing perceptions of individual health and oral health that 
is valid, reliable, and cost-effective [22, 23].

Mediator
Daily dietary satisfaction was used as a mediator in 
this study, and it was measured by one single question: 
“Are you satisfied with your daily diet?” The responses 
were assessed on a five-point Likert scale (ranging from 
1 = Very dissatisfied to 5 = Very satisfied). According 
to the existed literature, a single item is a direct, valid, 
reliable, and cost-effective measure [22], and research 
already exists on the use of single items to measure die-
tary satisfaction [24].

Moderator
Body mass index was treated as a moderator in this 
study, and the body mass index was calculated with 
SPSS software. Using each respondent’s self-reported 
height (in meters) and weight (in kilograms), body mass 
index was calculated by dividing the individual’s weight 
in kilograms by their height in meters squared. Accord-
ing to the World Health Organization criteria, body 
mass index values ranging from 18.5 to 25 are regarded 
as normal [25].

Covariates
We controlled for the respondents’ sociodemographic 
characteristics and health status in the model, selecting 
gender, age, marital status, education, income, number 
of chronic diseases, and self-rated health, because those 
characteristics are significantly associated with depres-
sive symptoms [4–6]. Age, education, and income were 
defined as continuous measures. Self-rated health was 
assessed by using a five-point Likert scale. Sex was a 
dichotomous value (1 = male, 0 = female). Marital sta-
tus was coded as “with partner” = 1 and “without part-
ner” (i.e., single, widowed, or divorced) = 0. Finally, 
respondents were asked whether they had any of the 14 
chronic diseases that are most common among older 
adults in China. The answers were recoded as binary 
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variables (0 = no, 1 = yes). Summed scores were then 
used to represent the number of chronic diseases.

Data analysis
The means and standard deviations (SD) of the continu-
ous variables, together with the frequency and percent-
ages of the categorical variables, were used to describe 
the variables. Path analysis conducted with Amos 24.0 
software through the maximum likelihood method was 
performed to examine the model.

The model fit index included the root mean square 
error of approximation (RMSEA), the standardized root-
mean-square residual (SRMR), the incremental-fit index 
(IFI), the adjusted goodness-of-fit index (AGFI), the 
goodness-of-fit index (GFI), the comparative fit index 
(CFI), and Chi-square divided by the degrees of freedom 
(CMIN/DF). As recommended in previous literature, 
values of RMSEA and SRMR smaller than 0.08, values of 
CMIN/DF smaller than 5, and values of IFI, AGFI, GFI, 
and CFI greater than 0.9 indicate an acceptable fit [26]. 
The bias-corrected bootstrap method was used to exam-
ine the significance of the mediation effect. Specifically, 
we used 10,000 bootstrap samples and determined the 
bias-corrected 95% confidence interval. A confidence 
interval that does not contain zero indicates that the 
effect being evaluated is significant [27]. The total effect, 
indirect effect, and direct effect were calculated through 
bootstrapping set at 10,000 samples. In addition, the per-
centage of the total effect that was explained by indirect 
pathways was calculated.

Finally, the moderated mediation model was tested 
by using the Hayes PROCESS macro version 3.5 soft-
ware (Model 14) [28]. The 95% bias-corrected confi-
dence interval from 10,000 resamples was generated by 
the bias-corrected bootstrapping method to examine the 
significance of the moderated mediation effect, and the 
Johnson-Neyman technique was used to visualize the 
moderating effect of body mass index in the relationship 
of dietary satisfaction and depressive symtoms. A signifi-
cance level of 0.05 was used in the current study.

Results
Descriptive analysis
Descriptive characteristics of the respondents are 
presented in Table  1. More than half of the respond-
ents were female (61%; n = 477), and more than half 
were married (78%; n = 609). Most of our older-adult 
respondents (96.5%; n = 754) reported that they were 
satisfied or very satisfied with their diet, with only 3.5% 
(n = 27) reporting that they were dissatisfied with their 
diet. Meanwhile, 48.3% (n = 377) of the study’s sample 
of older adults reported that their oral health was bet-
ter than good, and 51.7% (n = 404) reported that their 

oral health was not good enough. In terms of educa-
tional attainment, 8.7% (n = 68) were illiterate, 16.3% 
(n = 127) had graduated from elementary school, 37% 
(n = 289) had graduated from middle school, 26.5% 
(n = 207) had graduated from high school, and 11.5% 
(n = 90) had graduated from college. The average 
age of the respondents was 71.33 years (SD = 7.03). 
Their mean score of depressive symptoms was 13.18 
(SD = 4.41), indicating low levels of depressive symp-
toms. In addition, the respondents’ average body mass 
index was 24.68 (SD = 3.2), which according to the 
World Health Organization criteria was in the normal 
range. The respondents’ average monthly income was 
5271.28 yuan (SD = 4047.2). Their average number of 

Table 1 Descriptive analysis on the variables included in this 
study (N = 781)

SD Standard deviation

Mean SD N (Valid%)

Gender
 Male 304 (38.9%)

 Female 477 (61.1%)

Education
 Illiteracy 68 (8.7%)

 Primary 127 (16.3%)

 Junior high school graduation 289 (37.0%)

 Graduated from high school 207 (26.5%)

 University graduation 90 (11.5%)

Marital status
 Not being married 172 (22%)

 Being married 609 (78%)

Dietary satisfaction
 Very dissatisfied 1 (0.1%)

 Dissatisfied 2 (0.3%)

 Fair 24 (3.1%)

 Satisfied 443 (56.7%)

 Very satisfied 311 (39.8%)

Oral health
 Very bad 30 (3.8%)

 Poor 144 (18.4%)

 Fair 230 (29.4%)

 Good 192 (24.6%)

 Pretty good 108 (13.8%)

 Excellent 77 (9.9%)

Depressive symptoms 13.18 4.41

Age 71.33 7.03

Body mass index 24.68 3.2

Income 5271.28 4047.2

Number of diseases 1.67 1.65

Self-rated health 3.56 0.82



Page 5 of 10Sun et al. BMC Geriatrics          (2022) 22:829  

chronic diseases was 1.67 (SD = 1.65), and their mean 
score for their self-rated health was 3.56 (SD = 0.82).

Bivariate association analyses
Table 2 presents the results of the bivariate tests between 
the study variables, with depressive symptoms as the 
dependent variable. The results revealed that the socio-
economic variables were significantly related to depres-
sive symptoms in our respondents. Table  2 shows that 
the elderly adults who were married had a lower level 
of depressive symptoms than those who were not mar-
ried did. It was also found that relatively higher levels of 
education, higher incomes, higher scores for oral health, 
greater dietary satisfaction, higher self-rated health 
scores, and higher body mass index scores were related to 
lower levels of depressive symptoms. In addition, age and 
the number of diseases were found to be positively asso-
ciated with depressive symptoms. However, gender was 
not found to make a difference in depressive symptoms 
in our sample.

The mediation analyses
Before the mediation analyses, multiple regression of 
oral health on depressive symptoms was conducted 
(hypothesis 1). The results showed a significant negative 
association between oral health and depressive symp-
toms (B = − 0.28, SE = 0.11, p < 0.05). Therefore, the first 
hypothesis was supported (the results were attached as 
Additional file  2), and the moderated mediation model 
test could then be continued. Table  3 presents the con-
ditional indirect effect that oral health had on depressive 

symptoms through dietary satisfaction, with moderating 
by body mass index. The first part in Table 3 shows the 
effect of oral health on the mediator (dietary satisfac-
tion). The results reveal that relatively better oral health 
was associated with a higher level of dietary satisfac-
tion (path a; B = 0.06, SE = 0.03, 95%CI [0.01, 0.11]). The 
second part in Table 3 shows the effect of oral health on 
depressive symptoms, after taking into account all of the 
covariates, mediators, and moderated mediation effects. 
The results indicated that oral health had a significant 
direct effect on depressive symptoms (path c) even after 
including the covariates, mediators, and moderators 
(B = -0.22, SE = 0.11, 95%CI [− 0.44, − 0.01]). The results 
also revealed that relatively higher dietary satisfaction 
was related to lower levels of depressive symptoms (path 
b; B = − 0.61, SE = 0.15, 95%CI [− 0.89, − 0.32]). In addi-
tion, an interaction effect between dietary satisfaction 
and body mass index on depressive symptoms was found 
to be statistically significant (path d; B = 0.47, SE = 0.15, 
95%CI [0.18, 0.76]). Moreover, the number of chronic 
diseases that a respondent had was found to be positively 
associated with depressive symptoms (B = 0.53, SE = 0.10, 
p = 0.03), whereas income (B = -0.34, SE = 0.16, p < 0.001) 
and self-rated health (B = -1.21, SE = 0.20, p < 0.001) were 
negatively associated with depressive symptoms, and no 
significant association was found between depressive 
symptoms and the other covariates. The R2 was 0.22 in 
this model, which means that the model explained 22.2% 
of the variance in depressive symptoms.

Table 2 Bivariate test between depressive symptoms and other 
variables (N = 781)

SD Standard deviation, t Independent t-test, r Pearson correlation tests

Variables Depressive symptoms

Mean (SD) Test P-Value

Gender t = 0.34 0.737

 Male 13.12 (4.23)

 Female 13.23 (4.52)

Marital status t = 2.21 0.027

 Not being married 13.84 (5.31)

 Being married 13.00 (4.11)

Age r = 0.09 0.011

Education r = −0.08 0.025

Income r = − 0.10 0.004

Oral health r = − 0.17 < 0.001

Dietary satisfaction r = − 0.21 < 0.001

Body mass index r = − 0.11 0.003

Number of diseases r = 0.30 < 0.001

Self-rated health r = −0.35 < 0.001

Table 3 Direct and indirect effect of oral health on depressive 
symptoms through mediator (Dietary satisfaction) conditionally 
in the level of moderator (BMI) (N = 781)

B Unstandardized regression coefficient, SE Standard error

Path: Predictor B SE t P-Value R2

Dietary satisfaction as outcome 0.22

a: Oral health 0.06 0.03 2.19 0.029

Depressive symptoms as outcome

c: Oral health -0.22 0.11 −2.00 0.046

b: Dietary satisfaction −0.61 0.15 −4.20 < 0.001

Body mass index −0.68 0.15 −4.44 < 0.001

d: Dietary satisfaction*BMI 0.47 0.15 3.21 < 0.001

Covariates

Education −0.15 0.14 −1.11 0.27

Marital status −0.08 0.38 −0.21 0.83

Gender 0.12 0.29 0.40 0.69

Age 0.01 0.02 0.41 0.68

Income −0.34 0.16 −2.21 0.03

Number of diseases 0.53 0.10 5.50 < 0.001

Self-rated health −1.21 0.20 −6.20 < 0.001
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Oral health was found to have a significant total effect, 
direct effect, and indirect effect on depressive symptoms, 
and the results are presented in Table  4 (total effect: 
B = − 0.28, SE = 0.11, 95%CI [− 0.501, − 0.055], direct 
effect: B = − 0.24, SE = 0.11, 95%CI [− 0.460, − 0.017], 
and indirect effect: B = − 0.04, SE = 0.02, 95%CI [− 0.09, 
− 0.002]). Thus, dietary satisfaction partially mediated 
the relationship between oral health and depressive 
symptoms, and the indirect effect accounted for 14.28% 
of the total effect.

The moderated mediation analyses
A structural equation model using AMOS software was 
established, and the details of the moderated mediation 
model are shown in Fig. 1. The moderating effect of body 
mass index between dietary satisfaction and depressive 

symptoms was significant (path d; B = 0.47, SE = 0.15, 
95%CI [0.18, 0.76]). The fit indexes indicated an adequate 
model fit (CMIN/DF = 2.938, GFI = 0.984, AGFI = 0.953, 
IFI = 0.939, CFI = 0.936, RMSEA = 0.05, SRMR = 0.037).

The result of the moderator effect, as visualized by the 
Johnson-Neyman technique, is shown in Fig.  2. As this 
figure shows, the effect of dietary satisfaction on depres-
sive symptoms was moderated by body mass index, and 
the critical value of the moderating variable was 26.699, 
which means that when the body mass index was higher 
than 26.699, the effect of dietary satisfaction on depres-
sive symptoms was not significant, because the confi-
dence interval contained zero. When the value of body 
mass index was lower than the critical value, however, 
the confidence interval did not contain zero, thus indi-
cating that the effect of dietary satisfaction on depressive 
symptoms was significant, and the slope of the effect was 
negative, meaning that the greater the individual’s dietary 
satisfaction was, the less depressed they would have been. 
Moreover, the slope of the line for the effect of dietary 
satisfaction on depressive symptoms decreased as body 
mass index increased, indicating that the effect of dietary 
satisfaction on depressive symptoms was much greater in 
people with relatively lower body mass index than it was 
in people with higher body mass index.

Discussion
This study is the first to examine the relationship between 
oral health and depressive symptoms in the Chinese 
older population by using a moderated mediation model. 
In this model, we assumed that an association between 
oral health and depressive symptoms could occur 
directly and/or indirectly via daily dietary satisfaction as 

Table 4 The total, direct and indirect effect of oral health on 
depressive symptoms

B Unstandardized regression coefficient, SE Standard error

Total and direct and indirect effect of Oral health on depressive 
symptoms

Total effects of Oral health on depressive symptoms

B SE 95% Confidence Interval P-Value

−0.28 0.11 [− 0.501, − 0.055] < 0.05

Direct effects of Oral health on depressive symptoms

B SE 95% Confidence Interval P-Value

−0.24 0.11 [−0.460, − 0.017] < 0.05

Indirect effects of Oral health on depressive symptoms

B SE 95% Confidence Interval P-Value

−0.04 0.02 [−0.09, − 0.002] < 0.05

Fig. 1 The moderated mediation model including oral health, dietary satisfaction, BMI and depressive symptoms. CMIN = 76.394, DF = 26, 
CMIN/DF = 2.938, GFI = 0.984, AGFI = 0.953, IFI = 0.939, CFI = 0.936, RMSEA = 0.05, SRMR = 0.037. Notes: c = direct effect, c’ = total effect; 
B=Unstandardized regression coefficient; SE = Standard error; BMI = Body Mass Index; CI = confidence interval; CMIN = Chi-Square; DF = Degree of 
freedom; GFI = Goodness of fit index; AGFI = Adjusted goodness of fit index; IFI = Incremental fit index; CFI = Comparative fit index; RMSEA = Root 
mean square error of approximation; SRMR = Standardized root mean square residual; The covariates were age, gender, education, marital status, 
income, number of disease and self-rated health
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a mediator. We also hypothesized that body mass index 
moderated the path between daily dietary satisfaction 
and depressive symptoms.

As expected, this study’s results indicated a significant 
negative association between oral health and depres-
sive symptoms, after including covariates, mediators, 
and moderators (B = − 0.22, SE = 0.11, 95%CI [− 0.44, 
− 0.01]). Specifically, the better the oral health of the 
older adults was, the lower their risk of depressive symp-
toms was. These findings echoed those of studies con-
ducted in non-Chinese communities [7, 8, 29] that have 
explored relationships between oral health (e.g., tooth 
loss, edentulism, chewing ability, et  al.) and depression. 
However, the current study added new empirical evi-
dence to that research area by adopting a large sample in 
an investigation in Chinese communities.

Moreover, this study also confirmed the indirect effect 
of oral health on depressive symptoms through dietary 
satisfaction. The results indicated that dietary satisfaction 
partially mediated the relationship between oral health 
and depressive symptoms (B = − 0.04, SE = 0.02, 95%CI 
[− 0.09, − 0.002]) and that the indirect effect accounted 
for 14.28% of the total effect. Those results expand the 
accumulated knowledge, which had indicated oral health 
to be a risk factor for depressive symptoms by pointing 
out a mediation mechanism within it. Specifically, better 
oral health was positively related to better daily dietary 
satisfaction, and the latter was associated with a lower 
risk of being depressed. That finding not only agreed with 
available research suggesting that older people’s food 
selection and nutritional in-taking were largely affected 
by oral health status [7, 9–11], but it also revealed the 
vital roles of food and appetite in older people’s mental 

health in Chinese culture. There were two possible mech-
anisms explaining the mediation effect of daily dietary 
satisfaction on the relationship between oral health and 
depressive symptoms. Firstly, Chinese people are particu-
larly passionate and serious about food and daily diet [30, 
31]. In terms of recipes, the traditional aesthetic of Chi-
nese food arises from taste sensitivity to diverse ingredi-
ents and in turn extends to the senses of smell and sight, 
and finally to mental consciousness [32]. Thus, older 
adults with poor oral health may have limited choices 
on taste, fragrance and character of cuisine of their daily 
diet, which brings less satisfaction from their daily food 
consumption, consequently decreasing mental pleasure. 
Secondly, it is worth mentioning the social functions of 
food in Chinese communities. Food plays an important 
part in family reunions, gatherings of friends, and festi-
val celebrations, and is a vehicle for expression of friend-
ship, for smoothing social intercourse, and for showing 
concern. Thus, it is not difficult to infer that older indi-
viduals with poor oral health may also be less socially 
integrated in family reunions and gatherings of friends, 
both of which would decrease satisfaction with their daily 
diet and increase their probability of suffering depressive 
symptoms.

A further moderated mediation effect was dem-
onstrated in this research by revealing that the path 
between daily dietary satisfaction and depressive symp-
toms was moderated by body mass index. The results 
showed that when body mass index exceeded the thresh-
old of 26.699 that was identified in the Johnson-Neyman 
results, the effect of daily dietary satisfaction on depres-
sive symptoms was not significant (notably, our cut-
off was very near the criterion from the World Health 

Fig. 2 Johnson-Neyman diagram of the moderator effect of BMI on the association between dietary satisfaction and depressive symptoms. Notes: 
Mo = Moderator variable; M* = Critical value of moderator variable; BMI = Body Mass Index; 95% CI = 95% confidence interval
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Organization that people with body mass index higher 
than 25 are regarded to be overweight [33]). When the 
value of body mass index in our study was smaller than 
26.699, the effect of dietary satisfaction on depressive 
symptoms was negatively significant. Thus, in contrast 
to previous research indicating that overweight older 
adults were more likely than others in their age group to 
be depressed [12–16], our study has provided a new con-
clusion by emphasizing that older adults with a fit weight 
may actually be more vulnerable to depressive symptoms, 
at least if they are not satisfied with their daily diet. The 
different reactions in terms of older individuals with 
lower body mass index and those with higher body mass 
index supported previous research documenting dietary 
intake patterns vary with body mass index [17, 34, 35]. 
Fitter older adults usually prefer a dietary intake pattern 
characterized by higher consumption levels of cereals, 
nuts, vegetables and fruits consumption (which required 
healthier oral health conditions) than those in the obese 
group [14]. The findings of moderated mediation effect 
may suggest that older individuals with lower body mass 
index would derive less satisfaction from their daily diet 
when their oral health becomes worse and would experi-
ence more changes in food preference and even life style, 
which causes negative emotions and cognitions, in turn 
having an adverse effect on their mental health.

The present research contributes to the accumulated 
knowledge by providing a new and comprehensive per-
spective that broadens our understanding of the unique 
experience that connects oral health, daily dietary satis-
faction, and depressive symptoms among Chinese older 
adults. The findings present evidence for policymakers 
and researchers to use in identifying risk factors that 
influence older adults’ aging process, planning related 
social services in further studies, and designing services. 
We proposed the policy and intervention implications, as 
follows:

Firstly, as indicated in this research, oral health is an 
important contributor to depressive symptoms among 
older people, and therefore we suggest that designers 
and social service officers of health management pro-
grams institute regular oral health monitoring and pro-
tection plans. In addition, oral health parameters should 
be included in future studies and projects evaluating 
older individuals’ well-being. Secondly, because we found 
that individuals’ daily dietary satisfaction can have a 
strong influence on the mental health status of Chinese 
older adults, and that one’s body mass index can moder-
ate that effect, efforts to improve daily dietary satisfac-
tion, such as through enhancing awareness of people’s 
dietary habits and preferences, improving their dietary 
diversity, and guiding their nutritional intake, should be 
regarded as effective strategies for reducing older adults’ 

poor-oral-health-related risks for depressive symp-
toms, especially for the fitter older individuals in this 
group. This study was subject to some limitations. First, 
we did not explore any causal relationship, because this 
research adopted a cross-sectional design. In future stud-
ies, a longitudinal approach will be needed to address 
that issue. Second, due to limited research resources, we 
had to employ a quota sampling approach, which may 
have limited the generalizability of the findings. In addi-
tion, although the data collection process was anony-
mous, the main variables in this study were self-reported, 
which probably lead to response bias. Further studies are 
encouraged to use alternative data collection and analy-
sis methods in order to improve statistical accuracy. Last, 
CESD-10 was employed to measure depressive symp-
toms in this study, which only acted as a screening tool. 
We strongly recommend further studies verify our pre-
sent findings among older adults with clinical diagnosis 
of depression.

Conclusions
This study examined the relationship between oral health 
and depressive symptoms in Chinese older adults, using a 
moderated mediation model. A significant negative asso-
ciation between oral health and depressive symptoms has 
been indicated, and dietary satisfaction partially medi-
ated the relationship between oral health and depressive 
symptoms. The path was moderated by body mass index, 
and the effect of dietary satisfaction on depressive symp-
toms was much greater in people with relatively low body 
mass index.

The present study is among the first study to show evi-
dence for policymakers and researchers that strategies to 
enhance oral health and daily dietary satisfaction could 
be important for preventing depressive symptoms in Chi-
nese older adults, and especially for the relatively fitter 
older groups with lower body mass index.

Abbreviations
CHARLS: China Health and Retirement Longitudinal Study; BMI: Body Mass 
Index; SPMSQ: Short Portable Mental Status Questionnaire; CES-D-10: The 
10-item Center for Epidemiologic Studies Depression Scale; JN: Johnson-
Neyman; SD: Standard deviation; RMSEA: The root mean square error of 
approximation; SRMR: The standardized root-mean-square residual; IFI: The 
incremental-fit index; AGFI: The adjusted goodness-of-fit index; GFI: The 
goodness-of-fit index; CFI: The comparative fit index; CMIN/DF: Chi-square 
divided by the degrees of freedom.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12877- 022- 03542-1.

Additional file 1. 

Additional file 2. 

https://doi.org/10.1186/s12877-022-03542-1
https://doi.org/10.1186/s12877-022-03542-1


Page 9 of 10Sun et al. BMC Geriatrics          (2022) 22:829  

Acknowledgements
We would like to thank Prof. Vivian Lou from the University of Hong Kong, for 
all the support, instruction, and encouragement she gave.

Authors’ contributions
QS planned the study, performed statistical analysis, wrote and revised the 
paper. YW contributed to statistical analysis, paper writing, and paper revision. 
QC contributed to study design and paper revision. The work has not been 
accepted or published elsewhere in whole or in part. All of the three authors 
have contributed significantly to the work and approved the final manuscript.

Funding
This study was supported by a Project of National Social Science Foundation 
of China (Grant No. 18CSH008). The funding body had no role in the design of 
the study and collection, analysis, and interpretation of data and in writing the 
manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethical approval was obtained from the Ethics Committee of the University 
of Hong Kong (reference no. EA2003026). All methods were performed in 
accordance with the relevant guidelines and regulations. All of the respond-
ents signed an informed consent form before the start of the survey. They 
were also informed of their right to withdraw from the study at any time.

Consent for publication
Not applicable.

Competing interests
Not applicable.

Author details
1 Department of Social Security, School of Public Administration, Hebei 
University of Economics and Business, Shijiazhuang, China. 2 Hebei Collabora-
tive Innovation Center on Urban-rural Integrated Development, Shijiazhuang, 
China. 3 Sau Po Centre on Ageing, The University of Hong Kong, Hong Kong, 
Hong Kong. 4 School of Sociology & Anthropology, Sun Yat-sen University, 
Guangzhou, Guangdong Province, China. 5 School of Sociology and Anthro-
pology, Xiamen University, Xiamen, Fujian Province, China. 

Received: 5 June 2022   Accepted: 17 October 2022

References
 1. World Health Organization. Obesity and overweight. Fact sheet N°311. 

Geneva: World Health Organization; 2015.
 2. Kessler RC, Bromet EJ. The epidemiology of depression across cultures. 

Annu Rev Public Health. 2013;34:119–38.
 3. Zhong BL, Ruan YF, Xu YM, Chen WC, Liu LF. Prevalence and recognition 

of depressive disorders among Chinese older adults receiving primary 
care: a multi-center cross-sectional study. J Affect Disord. 2020;260:26–31.

 4. Sun Q, Wang Y, Lu N, Lyu S. Intergenerational support and depressive 
symptoms among older adults in rural China: the moderating roles of 
age, living alone, and chronic diseases. BMC Geriatr. 2022;22(1):83.

 5. Xie Y, Ma M, Wu W, Zhang Y, Zhang Y, Tan X. Factors associated with 
depressive symptoms among the elderly in China: structural equation 
model. Int Psychogeriatr. 2021;33(2):157–67.

 6. Zhang C, Xue Y, Zhao H, Zheng X, Zhu R, Du Y, et al. Prevalence and 
related influencing factors of depressive symptoms among empty-nest 
elderly in Shanxi, China. J Affect Disord. 2019;245:750–6.

 7. O’Neil A, Berk M, Venugopal K, Kim SW, Williams LJ, Jacka FN. The 
association between poor dental health and depression: findings from 

a large-scale, population-based study (the NHANES study). Gen Hosp 
Psychiatry. 2014;36(3):266–70.

 8. Skośkiewicz-Malinowska K, Malicka B, Ziętek M, Kaczmarek U. Oral 
health condition and occurrence of depression in the elderly. Medicine. 
2018;97(41):1–7.

 9. Muhammad T, Srivastava S. Tooth loss and associated self-rated health 
and psychological and subjective wellbeing among community-
dwelling older adults: a cross-sectional study in India. BMC Public Health. 
2022;22(1):1–11.

 10. Andreeva VA, Kesse-Guyot E, Galan P, Feron G, Hercberg S, Hennequin M, 
et al. Adherence to national dietary guidelines in association with oral 
health impact on quality of life. Nutrients. 2018;10(5):527.

 11. Marcenes W, Steele JG, Sheiham A, Walls AWG. The relationship between 
dental status, food selection, nutrient intake, nutritional status, and body 
mass index in older people. Cad Saude Publica. 2003;19:809–15.

 12. Amiri S, Behnezhad S, Hasani J. Body mass index and risk of frailty in 
older adults: a systematic review and meta-analysis. Obesity Medicine. 
2020;18:100196.

 13. Chang HT, Hsu NW, Chen HC, Tsao HM, Lo SS, Chou P. Associations 
between body mass index and subjective health outcomes among older 
adults: findings from the Yilan study, Taiwan. Int J Environ Res Public 
Health. 2018;15(12):2645.

 14. Luppino FS, de Wit LM, Bouvy PF, Stijnen T, Cuijpers P, Penninx BW, et al. 
Overweight, obesity, and depression: a systematic review and meta-
analysis of longitudinal studies. Arch Gen Psychiatry. 2010;67(3):220–9.

 15. Wang L, Crawford JD, Reppermund S, Trollor J, Campbell L, Baune BT, 
et al. Body mass index and waist circumference predict health-related 
quality of life, but not satisfaction with life, in the elderly. Qual Life Res. 
2018;27(10):2653–65.

 16. Jackson SE, Beeken RJ, Wardle J. Obesity, perceived weight discrimina-
tion, and psychological well-being in older adults in England. Obesity. 
2015;23(5):1105–11.

 17. Tyrovolas S, Bountziouka V, Papairakleous N, Zeimbekis A, Anastassiou F, 
Gotsis E, et al. Adherence to the Mediterranean diet is associated with 
lower prevalence of obesity among elderly people living in Mediter-
ranean islands: the MEDIS study. Int J Food Sci Nutr. 2009;60(Suppl. 
6):137–50.

 18. Pfeiffer E. A short portable mental status questionnaire for the assess-
ment of organic brain deficit in elderly patients. J Am Geriatr Soc. 
1975;23(10):433–41.

 19. Faul F, Erdfelder E, Lang AG, Buchner A. G* power 3: a flexible statistical 
power analysis program for the social, behavioral, and biomedical sci-
ences. Behav Res Methods. 2007;39(2):175–91.

 20. Radloff LS. The CES-D scale: a self-report depression scale for research in 
the general population. Appl Psychol Meas. 1977;1(3):385–401.

 21. Silverstein M, Cong Z, Li S. Intergenerational transfers and living arrange-
ments of older people in rural China: consequences for psychological 
well-being. J Gerontol Ser B Psychol Sci Soc Sci. 2006;61(5):S256–66.

 22. Locker D. Applications of self-reported assessments of oral health out-
comes. J Dent Educ. 1996;60(6):494–500.

 23. Pattussi MP, Peres KG, Boing AF, Peres MA, Da Costa JSD. Self-rated oral 
health and associated factors in Brazilian elders. Community Dent Oral 
Epidemiol. 2010;38(4):348–59.

 24. Hata K, Inayama T, Matsushita M, Shinoda S. The combined associations 
of social participation and support with self-rated health and dietary sat-
isfaction in men with spinal cord injury. Spinal Cord. 2016;54(5):406–10.

 25. Morley JE, Vellas B, Van Kan GA, Anker SD, Bauer JM, Bernabei R, et al. 
Frailty consensus: a call to action. J Am Med Dir Assoc. 2013;14(6):392–7.

 26. Hoyle RH. Structural equation modeling: Concepts, issues, and applica-
tions. Thousand Oaks: Sage; 1995.

 27. Efron B, Tibshirani R. The bootstrap method for assessing statistical accu-
racy. Behaviormetrika. 1985;12(17):1–35.

 28. Hayes AF. Mediation, moderation, and conditional process analysis. New 
York: Guilford Publications; 2013.

 29. Kimura Y, Ogawa H, Yoshihara A, Yamaga T, Takiguchi T, Wada T, et al. 
Evaluation of chewing ability and its relationship with activities of daily 
living, depression, cognitive status and food intake in the community-
dwelling elderly. Geriatr Gerontol Int. 2013;13(3):718–25.

 30. Chang RC, Kivela J, Mak AH. Attributes that influence the evalua-
tion of travel dining experience: when east meets west. Tour Manag. 
2011;32(2):307–16.



Page 10 of 10Sun et al. BMC Geriatrics          (2022) 22:829 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 31. Guan J, Jones DL. The contribution of local cuisine to destination 
attractiveness: an analysis involving Chinese tourists’ heterogeneous 
preferences. Asia Pacific J Tourism Res. 2015;20(4):416–34.

 32. Tian RG, Tian K, Dandan Z, Wang CH. Food culture in China: from social 
political perspectives. Trames. 2018;22(4):345–64.

 33. World Health Organization. Depression: World Health Organization; 2021. 
Retrieved February 2, 2022, from https:// www. who. int/ news- room/ fact- 
sheets/ detail/ depre ssion

 34. Jeruszka-Bielak M, Kollajtis-Dolowy A, Santoro A, Ostan R, Berendsen AA, 
Jennings A, et al. Are nutrition-related knowledge and attitudes reflected 
in lifestyle and health among elderly people? A study across five Euro-
pean countries. Front Physiol. 2018;9:994.

 35. Yannakoulia M, Mamalaki E, Anastasiou CA, Mourtzi N, Lambrinoudaki I, 
Scarmeas N. Eating habits and behaviors of older people: where are we 
now and where should we go? Maturitas. 2018;114:14–21.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.who.int/news-room/fact-sheets/detail/depression
https://www.who.int/news-room/fact-sheets/detail/depression

	Oral health and depressive symptoms among older adults in urban China: a moderated mediation model analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Data and sampling
	Measurements
	Dependent variable
	Independent variable
	Mediator
	Moderator
	Covariates

	Data analysis

	Results
	Descriptive analysis
	Bivariate association analyses
	The mediation analyses
	The moderated mediation analyses

	Discussion
	Conclusions
	Acknowledgements
	References


