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Abstract

Objective: Previous longitudinal studies have found that cognitive function affected oral health, and vice versa. However,
research is lacking on the reciprocal relationships between cognitive function and edentulism simultaneously, especially
in developing countries. The present study aimed to examine the reciprocal relationship between cognitive function and
edentulism among middle-aged and older adults in China.

Methods: Data were derived from the 2011 and 2015 waves of the China Health and Retirement Longitudinal Study. The
sample included 14,038 respondents aged 45 or older. A two-wave cross-lagged analysis was adopted to test the hypothesized
model.

Results: Among respondents aged 45-59, bascline cognitive function was associated with subsequent edentulism
[6=—0.017, standard deviation (SD) = 0.006, P < 0.01]. In contrast, baseline edentulism was not significantly associated
with poorer cognitive function at the follow-up wave (6= —0.744, SD =0.383, P > 0.05). However, among respondents
aged 60 or older, baseline cognitive function was associated with subsequent edentulism (6 = —0.017, SD = 0.005, P < 0.01),
and baseline edentulism was also associated with follow-up lower levels of cognitive function (6= —0.419, SD =0.143,
P <0.01).

Conclusions: These findings demonstrated the reciprocal relationships of cognitive function and edentulism. However, such
relationships varied across age groups. This stcudy demonstrates the importance of developing programs and services to promote
both cognitive and oral health, especially for those in older age.
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Key Points

* There is a lack of research on the bidirectional relationship between edentulism and cognitive function in China.

* Bascline edentulism was associated with subsequent poorer cognitive function in older adults.

* Baseline poor cognitive function was associated with subsequent edentulism among both middle-aged and older adults.
* Having good oral health may be beneficial for maintaining cognitive health.

* Preventive strategies should be promoted to enhance oral health conditions among adult populations in China.
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Introduction

Cognitive function is a critical dimension of healthy aging
in developing and developed countries [1, 2]. Empirical evi-
dence reveals negative consequences of cognitive impairment
and dementia, including a significant risk of mortality and
a decline in mental health and quality of life among older
adults and their family caregivers [3, 4]. Furthermore, recent
reviews have summarized cognition’s effects on oral health
in later life [5, 6]. Individuals with cognitive impairment
tend to be dependent in their functional health and often
need assistance from caregivers for daily oral care [6]. Rel-
evant studies have indicated that individuals with cognitive
impairment and dementia are relatively more likely to have
poor oral hygiene, develop dental caries and suffer from
periodontal disease [7-9]. Although edentulism is generally
related to chronic and severe inflammation and periodontal
disease, the findings on the association between cognitive
function and edentulism have been mixed [5, 6].

Oral health is a worldwide public health issue for older
populations [10]. Poor oral health is a well-known deter-
minant of poor nutritional intake and carries a high risk
of cardiovascular disease, pain and reduced quality of life
[5, 6, 11]. Further, it is considered a potential risk fac-
tor for reduced cognitive function [5, 12, 13]. Systemic
inflammatory markers are evident in older adults with poor
oral health and dementia, a relationship that could be a
biological explanation for the association between oral health
and cognition [6]. However, the effects of oral health on
cognition are less clear, especially in terms of edentulism and
cognition. Whereas some studies have identified statistically
significant associations between the two factors [14-16],
others have generated non-significant results [17, 18].

In summary, the evidence solidly supports the effects
of cognitive function and dementia on oral health, but
oral health’s effects on cognition are inconclusive [5, 6].
Particularly, evidence is mixed regarding edentulism’s effects
on cognition and cognition’s effects on edentulism [5, 6].
Furthermore, the relevant studies were conducted primarily
in developed countries, with only a limited number in
developing countries, which differ significantly from devel-
oped regions in terms of socioeconomic development, health
care and insurance systems, culture, nutritional intake and
health education and practices [2, 16]. Finally, studies on
the reciprocal relationship between edentulism and cogni-
tive function are lacking. Only one longitudinal study, in
England, investigated the bidirectional relationship between
oral health and cognitive function, and it found a posi-
tive relationship [19]. However, China and England have
different healthcare systems [15, 19, 20], and their dietary
patterns and oral health status among older populations
differ [15, 19]. Furthermore, edentulism is a relatively severe
issue among older adults in China (see Table 1). Because
cognitive function tends to differentially impact various
oral health indicators [6], whether the reciprocal relation-
ship between cognitive function and edentulism is signifi-
cant in the Chinese context remains uncertain. Finally, the
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prevalence of people with both cognitive impairment and
edentulism increases with age [15, 21], making the bidirec-
tional relationship more salient in older age and necessitating
separate testing in middle-aged adults and older adults.
Because the global population is aging, cognitive health
and oral health are likely to play increasingly salient roles
in healthy aging and overall well-being in later life [22].
Such issues are particularly important in China: In 2010,
the prevalence of dementia among China’s older populations
ranged from 4 to 7%, accounting for roughly 9.19 million
people [4], and that figure is estimated to increase to 30
million by 2050 [4]. Oral disease is also common in China,
and unmet needs regarding dental treatment and lack of oral
health education among older adults are major urgent issues
[5, 15]. Therefore, this study aimed to test the reciprocal rela-
tionship between cognitive function and edentulism among
middle-aged and older adults in the Chinese context.

Methods

Context

We conducted a secondary data analysis based on the China
Health and Retirement Longitudinal Study (CHARLS), a
longitudinal panel study that was conducted between 2011
and 2015.

Data collection

In CHARLS, multistage cluster sampling was applied to
recruit a nationally representative sample of community-
dwelling adults aged 45 and older in China, and details of
its sampling strategies can be found elsewhere [23]. Face-to-
face computer-assisted personal interviews were conducted
with respondents from 28 provinces in 2011 and 2012,
and the interviewer used a computer or other electronic
device to record the interviewees answers. A total of 17,708
respondents completed the baseline survey between 2011
and 2012, with a response rate of 80.5%. In the 2013 and
2015 waves, 18,612 and 21,097 respondents participated,
respectively. For those who could not answer the question-
naire by themselves, family members were invited as a proxy
to help them answer certain factual questions. At baseline,
8.7% of the questionnaires were assisted by proxies.

The respondents in this study were at baseline aged 45 or
older and had an agricultural or non-agricultural household
registration status, and all participated in the 2011 and
2015 waves of the survey. A total of 17,076 respondents
participated in the baseline survey and 14,038 of the original
respondents participated in the 2015 wave.

Measurement

Cognitive function was assessed by episodic memory, a 10-
item Telephone Interview of Cognitive status (TICS) [24]
and figure drawing. Respondents were asked to recall 10
Chinese nouns after interviewers read the nouns to them (i.e.
immediate recall). Four minutes later, they were again asked
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Table 1. Social demographics of older respondents (» = 14,038; unweighted)

Age 45-59 (N =8,005)

Age 60+ (N =6,033)

N (%)

Age
Gender

Female 4,250 (53.1)

Male 3,755 (46.9)
Marital status

Married 7,565 (94.5)

Other marital status 440 (5.5)
Education

Primary school education or lower 4,567 (57.1)

Secondary school education or higher 3,438 (42.9)
Household assets (RMB)
Agricultural HRS 6,641 (83.0)
Good/very good self-rated health 20,798 (26.0)
No ADL disabilities 7,038 (87.9)
Number of chronic diseases
Had health insurance 7,375 (92.1)
Had dental care in 2015 1,462 (18.3)
Was edentulous in 2011 216 (2.7)
Was edentulous in 2015 617 (7.7)

Cognitive function in 2011
Cognitive function in 2015

Mean (SD) Mean (SD)

3,045 (50.5)
2,988 (49.5)

4,803 (79.6)
1,230 (20.4)

4,951 (82.1)

1,082 (17.9)
3613.0 (5883.9) 2512.6 (8796.6)
4,781 (79.2)
1,169 (19.3)
4,585 (76.0)
1.3 (1.3) 1.7 (1.5)
5,552 (92.0)
1,016 (16.8)
947 (15.7)
1780 (29.5)
3.8 (1.7)

3.1(1.7)

3.6 (1.8)
2.5(1.8)

Notes: ADL, activities of daily living; HRS, household registration status; 100 RMB = 14.32 USD.

to recall the 10 nouns (i.e. delayed recall). Average scores
of immediate and delayed recall were calculated (range 0—
10). The 10 items of TICS included the season of the year,
the date (day, week, month and year) and serial subtraction
of 7 from 100 (up to five times). In addition, the inter-
viewer showed a picture of two overlapping pentagons to
the respondents and asked them to complete a similar figure
(0 = failed attempt; 1=successful completion). Scores of
the three tests were summed to represent each person’s overall
cognitive function, with answers ranging from 0 to 21 (a
measurement that has been used previously wich CHARLS
data [25, 26]).

Edentulism was assessed by a single question: The respon-
dents were asked whether they had lost all of their teeth, and
their responses were assessed by a binary variable (0 =no,
1 =yes).

Covariates of age, gender, marital status, education and
houschold registration status were recoded as dichoto-
mous variables (0 =45-59, 1 =060 and older; 0 =female,
1 = male; 0 = other marital status, 1 = married; 0 = primary
school education or lower, 1 =secondary school education
or higher; 0 =agricultural, 1 =non-agricultural). The log
value of household assets was calculated. The respondents
were also asked whether they had difficulties in conducting a
range of activities of daily living [27], whether they had ever
smoked in the past year (0 = no or had quit smoking during
the year, 1 =still smoking) and whether they had physician-
diagnosed diabetes (0 =no; 1 =yes). Self-rated health was
measured by a 5-point Likert scale (1 = very poor, 3 = fair,
5 =very good). Finally, respondents in the 2015 wave were
asked whether they had seen a dentist for dental care (not
available at baseline; 0 = no, 1 =yes).

Statistical analyses

We used a cross-lagged analytic approach based on a struc-
tural equation modelling framework to test the proposed
model. The estimator was a diagonally weighted least square
mean and variance (WLSMV) that was specifically devel-
oped for ordinal variables [28, 29]. Fit indexes examined the
model fit, including the chi-square test, the Tucker—Lewis
index (TLI), the comparative fit index (CFI), the root mean
square error of approximation (RMSEA) and the weighted
root mean square residual (WRMR) [30]. Mplus 7 was used.

We conducted cross-lagged analyses for two age groups
(45-59 and 60 or older). Cognitive function at the follow-
up wave was regressed on edentulism at the baseline, whereas
edentulism at the time of the follow-up wave was regressed
on cognitive function simultaneously. Baseline sociodemo-
graphic characteristics, socioeconomic status, health condi-
tions and smoking status were controlled for in the final
model. The WLSMV with pairwise deletion was used to
handle missingness [29]. Finally, weights were used in the
analysis.

Ethics

Peking University’s Ethical Review Committee approved the
study protocol.

Results

Characteristics of the sample

The respondents’ characteristics at baseline are presented
in Table 1. They were predominantly married (88.1%) and
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had rural household registration status (81.4%), and they
ranged in age between 45 and 101 years [M = 58.9, standard
deviation (SD) =9.3]. More than half of the respondents
were female (52.0%). Approximately 42.9% of the middle-
aged respondents and only 17.9% of the older respondents
had completed a secondary school education or above. Older
respondents reported more limitations in activities of daily
living than middle-aged participants did (24.0 versus 12.1%,
respectively) and more chronic diseases (1.7 versus 1.3).
More than 90% of the respondents had health insurance at
baseline.

Two-wave cross-lagged model

We built a two-wave cross-lagged model to test the asso-
ciation between cognitive function and edentulism. The
results of fit indexes indicated a good model fit for each of
the two age groups (for those aged 45-59: x’[5] =10.603,
P=0.0599, RMSEA =0.012 [0.000-0.022], CFI = 0.997,
TLI=0.970 and WRMR =0.439; and for those aged 60
or older: x?[17] =27.498, P=0.0512, RMSEA =0.010
[0.000-0.017], CFI=10.993, TLI=0.978 and WRMR =
0.670).

Among the middle-aged respondents, the path between

2011 and 2015 for cognitive function (4= 0.467, SD = 0.012,

P < 0.001) and that for edentulism (6 =2.876, SD = 0.243,
P < 0.001) were both statistically significant. Furthermore,
the associations between cognitive function and eden-
tulism were significant in both waves (2011: 6= —0.027,
SD=0.008, P<0.01; 2015: 6=—-0.262, SD=0.083,
P <0.01). Finally, the results showed that poor cognitive
function in 2011 was a significant predictor of edentulism
in 2015 (b=-0.017, SD=0.006, P <0.01). Interest-
ingly, however, edentulism in 2011 was not a significant
predictor of poor cognitive function in 2015 (b= —0.744,
SD =0.383, P> 0.05).

Among the older respondents, the relationships between
2011 and 2015 for cognition (6=0.520, SD=0.023,
P <0.001) and edentulism (6=1.984, SD=0.112, P <
0.001) were statistically significant, and the relationships
between cognition and edentulism were also significant
at both the 2011 and 2015 waves (2011: 6= —0.099,
SD =10.024, P <0.001; 2015: 6=—0.194, SD =0.061,
P <0.01). Finally, poor cognitive function in 2011 was a
significant predictor of edentulism in 2015 (6= —0.017,
SD =0.005, P <0.01), and in this group, edentulism in
2011 was also a significant predictor of poor cognitive
function in 2015 (6= —0.419, SD =0.143, P < 0.01; see
Figures 1 and 2).

Discussion

Findings

Overall, edentulous people aged 60 or older were more
likely to have poorer cognitive function over time than were
individuals with teeth, even after controlling for edentulism
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and covariates at baseline. Certain physiological mecha-
nisms could link edentulism to poor cognitive function. A
recent study found a key pathogen (Porphyromonas gingi-
valis) for chronic periodontitis in the brains of Alzheimer’s
patients [12]. Tooth loss occurs from the long-term cumu-
lative effects of periodontitis. Other potential explanations
include a decline in masticatory function, presence of car-
diovascular disease and insufficient nutrition due to eden-
tulism [5, 15]. Thus, our study generated important scientific
evidence for early detection of cognitive impairment and
dementia. Finally, the non-significant associations in the
middle-aged group may have resulted from the fact that
this group was still relatively young and might not have
experienced a significant decline in cognitive function during
the 4-year study period.

Furthermore, although previous findings related to cog-
nitive function and edentulism have been mixed [5, 6, 14—
18], our study in the Chinese context found that individuals
with relatively poor cognitive function were more likely
to experience edentulism. The inconsistency between our
results and those of others may have been due to disparities in
the age range, race and measurements of cognitive function
and oral health of the individuals studied. Many older adults
with cognitive impairment or dementia rely on others to
help them maintain their oral hygiene, and some may resist
assistance with oral hygiene and dental care [2, 5].

Strength and limitations

Using a nationally representative sample, this study was an
initial atctempt to simultaneously test the effect of edentulism
on cognitive function and the effect of cognitive function on
edentulism among adults aged 45 and older in China. We
examined the reciprocal relationships among middle-aged
and older adults separately, and our findings provide new
empirical evidence that the association between cognitive
function and edentulism becomes more salient as people get
older.

This study had the following limitations. First, because we
were analysing secondary data, we could only select measures
from our data source, the CHARLS questionnaire. Future
studies on edentulism and cognition should collect addi-
tional information on the progress of oral health status and
other related health outcomes, such as tooth loss, periodontal
disease, denture use, oral health history, frailty, inflammatory
biomarkers and masticatory function. Second, our follow-
up period to assess edentulism and cognitive function was
4 years, but the reciprocal relationship might be more evident
in studies with longer follow-up periods. Third, the results
may be subject to recall bias, because all the information was
self-reported.

Recommendations for practice

Because we found that increasing edentulism occurred in
association with a decline in cognitive function among both
middle-aged and older respondents, adequate access to oral
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Figure 1. Results of the cross-lag model among middle-aged respondents aged 45-60. Notes: ** P < 0.01 (two-tailed); **P < 0.001
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(two-tailed). Standardized coeflicients were reported here.

healthcare should be ensured for those with cognitive impair-
ment at each life stage. Moreover, because edentulism pre-
dicted poor cognitive function among the older respon-
dents, dental care services should be included in long-term
care systems for individuals with cognitive impairment and
especially in individualized oral healthcare strategies in later
stages of dementia [10]. Furthermore, daily care (whether
self or assisted) is important for oral health. Training for
maintaining and evaluating hygiene and health should be
provided to caregivers of individuals with cognitive impair-
ments. Finally, community oral health education programs
should strongly promote oral health examinations and dental
services in China. The Chinese medical insurance system
should also be expanded to cover the cost of dental care
among middle-aged and older populations.

Conclusions

Poor cognitive function was associated with an increased risk
of edentulism among both middle-aged and older adults,
whereas edentulism was associated with decreasing cognitive
function only among older adults. A better understanding
of these reciprocal relationships not only plays an impor-
tant role in the early detection of cognitive impairment
and dementia but also has major clinical implications for
improving both oral health and cognitive function in older
populations. Future longitudinal studies should examine the
roles of oral health, the delivery of oral health services at
different stages of cognitive impairment and dementia and
the underlying mechanisms linking oral health and cognitive
function.
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