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Abstract

Background and aims Cognitive impairment is a common issue among older adults, with denture use identified

as a potential, easily recognizable clinical risk factor. However, the link between denture wear and cognitive decline

in older Chinese adults remains understudied. This study aimed to develop and validate a dynamic nomogram to pre-
dict the risk of cognitive impairment in community-dwelling older adults who wear dentures.

Methods We selected 2066 elderly people with dentures from CHARLS2018 data as the development and inter-

nal validation group and 3840 people from CLHLS2018 as the external validation group. Develop and treat

the concentrated unbalanced data with the synthetic minority oversampling technique, select the best predictors
with the LASSO regression ten-fold cross-validation method, analyze the influencing factors of cognitive impairment
in the elderly with dentures using Logistic regression, and construct a nomogram. Subject operating characteristic
curves, sensitivity, specificity, accuracy, precision, F1 score, calibration curve, and decision curve were used to evaluate
the validity of the model in terms of identification, calibration, and clinical validity.

Results We identified five factors (age, residence, education, instrumental activities of daily living, and depres-

sion) to construct the nomogram. The area under the curve of the prediction model was 0.854 (95%Cl 0.839-0.870)

in the development set, 0.841 (95%Cl 0.805-0.877) in the internal validation set, and 0.856 (95%CI 0.838-0.873)

in the external validation set. Calibration curves indicated significant agreement between predicted and actual values,
and decision curve analysis demonstrated valuable clinical application.

Conclusions Five risk factors, including age, place of residence, education, instrumental activities of daily living,

and depression level, were selected as the final nomogram to predict the risk of cognitive impairment in elderly den-
ture wearers. The nomogram has acceptable discrimination and can be used by healthcare professionals and com-
munity health workers to plan preventive interventions for cognitive impairment among older denture-wearing
populations.
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Introduction

Dementia is the seventh leading cause of death globally
and a major contributor to disability and dependency
among older adults [1]. In 2019, approximately 50 mil-
lion people worldwide suffered from dementia, a figure
expected to double by 2050 [2]. In China, dementia-
related mortality has risen sharply since 1990, reaching
a rate of 22.5 per 100,000 people. By 2050, the number
of individuals aged 60 and above with dementia in China
is projected to reach 48.98 million. [3] Despite significant
research efforts, there is currently no cure for dementia,
making early detection and intervention crucial for slow-
ing its progression. [4] Studies indicate that mild cogni-
tive impairment (MCI), a critical stage in the progression
from healthy aging to dementia, can be partially reversed
with early detection and intervention. [5] Therefore,
early identification of individuals at high risk of cognitive
decline is essential for slowing disease progression.

Oral health serves as a vital indicator of overall well-
being in older adults and has garnered increasing atten-
tion due to its potential link with cognitive function [6,
7]. Studies have demonstrated that oral diseases impact
physiological functions such as chewing, pronunciation,
and swallowing, and are closely associated with cogni-
tive decline [8]. Factors such as tooth loss and the use
of dentures may contribute to brain health deterioration
through mechanisms like chronic inflammation and neu-
rodegenerative processes. Especially for older adults who
wear dentures, the changes in the oral environment may
exacerbate the complexity of this association [9]. A recent
community cohort study found that 76% of adults over
65 years of age have experienced tooth loss and up to 29%
wear dentures, with a strong association between denture
wearing and cognitive impairment [10]. Dentures are a
key clinical indicator of oral health in older adults, and
focused research on this group can help clarify the cogni-
tive health risks they face, offering insights into targeted
prevention strategies.

Few previous studies have focused on predicting
cognitive impairment in people who wear dentures. A
meta-analysis indicated that tooth loss is a risk factor
for cognitive impairment and dementia, rather than
specifically predicting cognitive impairment risk in
individuals with tooth loss [5]; Another cohort study
demonstrated that denture use was strongly associated
with the risk of cognitive impairment; [11] Other stud-
ies have demonstrated that some clinical predictors,
such as fasting glucose, hemoglobin Alc, and vitamin
intake, provide modest predictive power for the risk of
cognitive impairment in people with poor oral condi-
tions [12, 13]. However, collecting and screening these
predictors is difficult and expensive, and models built
based on these predictors may not be appropriate for
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use by the general population [14]. Wearing dentures is
an easily identifiable, cost-effective, and relatively effi-
cient indicator of oral health status. Based on this, this
study aims to assess the risk of cognitive impairment in
older people with dentures and provide a new perspec-
tive and tool for further promoting oral health manage-
ment and cognitive impairment prevention in elderly
people. It has crucial practical significance, especially
in communities or remote settings where there is a lack
of professional healthcare workers.

Therefore, this study developed and validated a
dynamic nomogram using data from the China Health
and Retirement Longitudinal Study (CHARLS) and
the Chinese Longitudinal Healthy Longevity Survey
(CLHLS) to predict the risk of cognitive impairment in
Chinese older adults with dentures. This provides a sci-
entific foundation for early intervention and personal-
ized management strategies.

Methods

Participants

This study utilized data from the CHARLS and CLHLS
datasets. CHARLS surveys individuals aged 45 and
older across 28 provinces, 150 counties, and 450 vil-
lages in China, covering over 10,000 households and
17,000 individuals. The survey collects data on demo-
graphics, health, medical and insurance status, employ-
ment, income, expenses, and assets, with five waves of
data released. CLHLS, a collaboration between Peking
University and Duke University since 1998, has con-
ducted seven follow-up surveys in 22 provinces (2000—
2018). It focuses on older individuals and their families,
gathering information on psychological characteristics,
cognition, personality, health, and lifestyle.

In the 2018 CHARLS dataset, which initially included
10,983 participants aged 60 years and above, we applied
the following inclusion criteria: (i) age>60 years; (ii)
participants who wear dentures. We excluded samples
with incomplete data or missing key variables such
as cognitive assessment, resulting in the exclusion of
8,917 samples. This left us with a final sample of 2,066
for model development. To ensure the robustness of
the model, the data were randomly split in a 7:3 ratio,
with 70% allocated for model development and 30% for
internal validation. The 2018 CLHLS dataset included
15,854 samples aged 60 years and above. After exclud-
ing 12,014 irrelevant or missing samples, we had 3,840
samples available for external model verification, the
specific inclusion and exclusion criteria of the data
were consistent with CHARLS. Supplementary Fig. 1.
demonstrates the procedure of data inclusion and
exclusion.
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Assessment of denture

The assessment for dentures in CHARLS is "Do you
wear dentures?" The assessment for dentures in CLHLS
is consistent with this. Participants were catego-
rized into ‘denture wearing’ and ‘not denture wearing’
according to their participants of ‘no’ or ‘yes; respec-
tively. Only older adults who answered "yes" were
included in our study.

Assessment of cognitive impairment

The cognitive assessment utilized in CHARLS is
adapted from the Health and Retirement Study (HRS)
and based on the Telephone Interview for Cognitive
Status (TICS) [15]. Prior research has established that
the global cognitive function score derived from this
assessment demonstrates strong validity and reliability
in the middle-aged and older Chinese population [16,
17]. The assessment evaluates two key domains: epi-
sodic memory and executive function. The memory
task involves immediate and delayed recall of 10 unre-
lated words, with a memory score calculated as the sum
of both recall tasks, ranging from 0 to 10 [18]. Execu-
tive function includes components from the TICS men-
tal status examination, such as identifying the current
year, month, day, day of the week, and season, along
with serial subtraction of 7 from 100 five consecutive
times. Additionally, a drawing task assesses visuospa-
tial abilities, where participants are required to repli-
cate a given image . The executive function score totals
11 points. Overall cognitive function is measured by
summing the episodic memory and executive function
scores, with a total possible score of 21, where higher
scores indicate better cognitive performance. Cognitive
impairment is defined as a score below 6 [19].

CLHLS assessed cognitive function with the Chinese
version of the Mini-Mental State Test (MMSE). It com-
prises four dimensions: cognitive orientation, computa-
tion, recall, and language ability. Several questions of
CMMSE were altered regarding cultural acceptability;
some previous studies have also shown its reliability
and validity. Specifically, previous studies have shown
that when respondents present with poor health or
cognitive limitations, They are less likely to be able to
handle relatively complex tasks [20]. As such, we cat-
egorize "unanswerable" answers as false answers in line
with previous studies [21]. This method was applied
in earlier studies across the board and does not intro-
duce any potential biases [22]. The total MMSE score
is from 0 to 30, while the cognitive impairment is from
CMMSE below 18 points.
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Candidate predictors

To strengthen the applicability and comprehensiveness
of the prediction model, we expanded the scope of our
literature review. While we focused primarily on indi-
viduals aged 60 and above, we also considered studies
involving middle-aged adults, particularly those expe-
riencing early onset of oral health issues, to explore
potential early indicators of cognitive impairment. Vari-
ables were selected based on several criteria: (i) a direct
or well-established indirect relationship with cognitive
impairment, (ii) feasibility for assessment through sim-
ple questions without the need for invasive procedures,
and (iii) studies encompassing both middle-aged and
elderly populations. Additionally, although our primary
interest was in denture use, we also reviewed broader
aspects of oral health, such as edentulism, to ensure
a more comprehensive evaluation of cognitive risks.
Based on this review, we identified potential predictors,
including sex, age, education, marital status, residence,
sleep duration, sleep quality, smoking status, alcohol
intake, self-rated health (SRH), physician-diagnosed
chronic diseases, edentulism, depression, activities of
daily living (ADL) and instrumental activities of daily
living (IADL).

Depression was assessed using the 10-item Center for
Epidemiologic Studies Depression Scale (CES-D 10), a
widely used tool known for its reliability and validity in
evaluating depression among older adults in China [23].
The CES-D 10 includes ten items, each rated on a four-
point scale from 0="rarely" to 3="most of the time."
For the two positively worded items, "I was happy" and
"I felt hopeful about the future,” scores were reverse-
coded before summation. The maximum score on the
CES-D 10 is 30, with higher scores indicating greater
depression severity. A score of 10 or higher suggests the
presence of depression symptoms.

Physical function was evaluated using the Katz Basic
Activities of Daily Living (ADL) and Lawton Instru-
mental Activities of Daily Living (IADL) [24]. An ADL
disability was identified if an individual could not inde-
pendently perform any of the six ADL tasks (bathing,
dressing, toileting, transfers, continence, and eating).
Similarly, an IADL disability was noted if a person
could not independently complete the eight IADL
tasks (visiting neighbors, shopping, preparing food,
washing clothes, walking one kilometer, carrying 5 kg,
crouching and standing three times, and using public
transportation).

Specific descriptions of the variables can be found in
the supplementary Table 1.
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Statistical analysis
Continuous variables were presented as mean (M)+
standard deviation (SD) and analyzed using the rank
sum test. Categorical variables were described as
counts and percentages, with comparisons conducted
using the x2 test. The number of individuals suffering
from cognitive impairment is much smaller than those
with normal cognition, resulting in an imbalance in the
data. To solve the bias caused by the sample imbalance,
this study adopts the SMOTE algorithm to convert
the unbalanced data into a balanced form. The least
absolute shrinkage and selection operator (LASSO)
technique was utilized to identify key predictors, and
a prediction model was developed through logistic
regression. Variables with a two-tailed P<0.1 were fur-
ther selected to create a nomogram for quantification.
The area under the curve (AUC) was used to assess the
discriminative ability of the nomograms, with values
ranging from 0-1. An AUC value of 0.5 indicates no
discriminative ability and a value closer to 1 indicates
better discriminative ability [25]. Sensitivity, specificity,
accuracy, precision, and F1 Score were used to evaluate
the performance of the model, and a calibration curve
was drawn to assess the prediction nomogram accu-
racy. The decision curve analysis (DCA) was used to
evaluate the clinical practicability of the nomogram.
Data analysis and image rendering were conducted in
R 4.4.0. statistical analyses also involved two-tailed, with
statistical significance set at P<0.05.

Results

Participant characteristics

This study used data from CHARLS 2018 and CLHLS
2018, which included a total of 2066 participants in
CHARLS and 3840 participants in CLHLS. Table 1 pre-
sents the baseline characteristics of older adults with
dentures. from the presence of cognitive impairment in
older participants was selected as the dependent variable.
We used LASSO to select variables, and tenfold cross-
validation helped determine the best Lambda value. The
regularization parameter (4) corresponding to the mini-
mum deviation of a standard error is selected as the opti-
mal . The optimal 4 was found to be 0.034, under which
there are five potential predictors: age, residence, depres-
sion, IADL, and education, as shown in Fig. 1.

Nomogram for predicting cognitive impairment in older
adults with dentures

A total of 15 relevant variable features were included in
this study, and 5 potential predictors were screened using
LASSO and incorporated into the logistic regression
model. Table 2 shows that age, residence, depression,
IADL, and education are independent influencing factors
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Table 1 Baseline characteristics of older adults with dentures

Characteristics 2018 CHARLS 2018 CLHLS
(n=2066) (n=3840)

Age, M+SD 68.44+6.07 82.78+£10.80
Sleep duration 6.64+2.23 7.3742.18
Sex, n (%)

Male 846(40.9) 1805(47.0)

Female 1220(59.1) 2035(53.0)
Residence

Urban 600(29.0) 746(19.4)

Rural 1466(71.0) 3094(80.6)
Martial

Married and living with spouse 1587(76.8) 1833(47.7)

Other 479(23.2) 2007(52.3)
Education

llliterate 517(25.1) 1468(38.2)

Primary school 953(46.1) 1444(37.6)

Middle school and above 596(28.8) 928(24.2)
Chronic disease

Yes 1112(53.8) 2897(75.4)

No 954(46.2) 943(24.6)
Depression

Yes 847(41.0) 938(24.4)

No 1219(59.0) 2902(75.6)
Smoking status

Yes 472(22.8) 617(16.1)

No 1594(77.2) 3223(83.9)
Alcohol intake

Yes 638(30.9) 585(15.2)

No 1428(69.1) 3255(84.8)
ADL

Disability 558(27.0) 719(18.7)

Normal 1508(73.0) 3121(81.3)
IADL

Disability 686(33.2) 2307(60.1)

Normal 1380(66.8) 1533(39.9)
Edentulism

Yes 295(14.3) 1718(44.7)

No 1771(85.7) 2122(55.3)
Sleep quality

Good 1233(59.6) 2108(54.9)

Fair 340(16.5) 1166(304)

Bad 493(23.9) 566(14.7)
Self-rated health

Good 333(16.1) 1958(51.0)

Fair 1038(79.3) 1449(37.7)

Bad 695(33.6) 433(11.3)

for cognitive impairment in older people with dentures.
Accordingly, a nomogram was constructed based on
these five independent factors, with a higher total score
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Fig. 1 Ten-fold cross-validation for the best variable selection The tenfold cross-validation filters 4. Plotting at one standard error of the lowest
and maximum criterion is a vertical dashed line. The model with the fewest parameters and high performance is denoted by A.1se

Table 2 Logistic analysis of cognitive impairment in older adults
with dentures

Characteristics B Odds Ratio 95% CI/ PValue
Constant —3.308 0.037 0.010 0.128 <0.01
Age 0.064 1.066 1.047 1086 <001
Residence

Rural Ref

Urban -0640 0527 0392 0708 <001
Depression

No Ref

Yes 0.350 1419 1130 1.782 <0.01
IADL

Normal Ref

Disability 0.779 2178 1730 2744 0.003
Education <0.01

llliterate Ref

Primary school -2018 0.133 0.105 0168  <0.01

Middle school —3.693 0.025 0.016 0.038 <0.01
and above

Ref reference, Cl confidence interval

indicating an increased risk (Fig. 2A). This study also
established an online dynamic nomogram (Fig. 2B). The
predicted probability and 95% CI of cognitive impair-
ment in older adults with dentures can be obtained from
the input interface on the left side of the web page after
entering the relevant feature information.

Discrimination and calibration

After building the model using a development set, we
verify its predictive power using internal and external
validation sets. Receiver Operating characteristics (ROC)
analysis based on logistic regression results showed that
the AUC of the development set, the internal verification
set, and the external verification set were 0.854 (95%CI
0.839-0.870), 0.841 (95%CI 0.805-0.877), 0.856 (95%CI
0.838-0.873), both exceeding 0.5, indicating good dif-
ferentiation (Fig. 3). The sensitivity of the development
set, the internal verification, and the external verification
set were 0.779, 0.752, 0.682, the specificity 0.792, 0.792,
0.886, and the accuracy 0.785, 0.761, and 0.699, respec-
tively. The precision was 0.797, 0.919, and 0.985, and the
F1 Score was 0.788, 0.827, and 0.806, respectively, indi-
cating that the model was good. The calibration curve
(Fig. 4) further verifies the consistency between the val-
ues predicted by the nomogram and the actual observed
values.

Clinical practicability

DCA was utilized to evaluate the clinical applicability
of the nomogram (Supplementary Fig. 3). The results
indicate that within the threshold range of 5% to 95%
for the development set, the nomogram demonstrates
superior net benefits compared to both extremes. For
the internal validation set, the net benefit is also higher
than the two extremes. When the threshold value on
the external validation set is between 1 and 40%, the
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net benefit surpasses the two extreme cases. Although
the effective threshold range is smaller than that of the
development and internal validation sets, the nomo-
gram still demonstrates strong practical value when
applied to new data.

Discussion

In this study, CHARLS was used for model development
and internal validation, while CLHLS provided exter-
nal validation. The model demonstrated strong robust-
ness in predicting cognitive impairment risk in Chinese
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older adults with dentures. Additionally, a user-friendly
dynamic nomogram was developed to assist medical
professionals and community health workers in quickly
assessing cognitive impairment risk in this population.
This study identified age as a significant risk factor
for cognitive impairment among older individuals with
dentures. Advancing age correlates with a higher preva-
lence of oral health issues such as tooth loss and decay
[26]. Studies show that tooth loss weakens chewing and
swallowing functions, [27] potentially leads to changes
in brain regions related to cognition [28]. Addition-
ally, some elderly individuals may primarily use full-
mouth removable dentures. Improper dentures can
limit occlusion function, [10] decrease appetite or food
intake, cause weight loss or malnutrition, and increase
the risk of cognitive impairment [12]. However, not all
denture wearers are fully edentulous; individuals with
partial tooth loss may also rely on dentures, which can
contribute to varying degrees of occlusal functional-
ity and nutritional outcomes. The precise mechanisms

underlying these associations remain ambiguous and
warrant further investigation in subsequent studies.

The results indicate that cognitive impairment is
more prevalent in older denture wearers in rural areas
compared to urban areas. Older adults in rural areas
have limited access to medical resources and technol-
ogy, and their denture adaptation and quality are lower,
[29] exacerbating mastication disorders and affecting
central nervous system stimulation. [30]Additionally,
older individuals in rural areas face challenges access-
ing healthcare and dental services, particularly regard-
ing oral health education, which increases their risk of
cognitive decline [31, 32]. This suggests the need for
early interventions to prevent oral diseases before cog-
nitive impairment occurs. Policymakers should acceler-
ate the construction of rural oral health institutions and
implement oral health education activities, such as free
dental check-ups, to raise awareness among the older
adults in rural areas about their oral health.
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This study indicated, consistent with the findings of
several other surveys, that older adults with dentures who
have lower education levels are at greater risk for cogni-
tive impairment [33, 34] The educational level may affect
the oral health knowledge rate of the older adults, with
those having higher education paying more attention
to oral hygiene. Importantly, wearing dentures requires
older adults to maintain higher standards of oral habits
and hygiene. According to earlier cohort studies, wear-
ing dentures overnight increases the risk of aspiration
pneumonia and is linked to infrequent brushing, plaque
buildup, and an increased likelihood of cognitive deterio-
ration [35, 36]. This suggests the importance of spreading
knowledge about good oral habits, and in the future oral
health teams should join forces with community health
teams to integrate this important matter into the primary
care network to achieve cross-cutting disease prevention
[37].

This study identified a significant association between
depressive symptoms and the risk of cognitive impair-
ment among elderly individuals who wear dentures.
This is consistent with the results of a recent CHARLS
study, which indicate that worsening depressive symp-
toms may further impair cognitive function [38]. In our
development set, the prevalence of depression among
denture wearers was 41% (Table 1), which is higher than
the general elderly population (>60 years), consistent
with studies in South Korea (KLOSA) and Chile (NHS)
[39, 40]. Notably, the severity of depressive symptoms
was positively correlated with cognitive impairment, sug-
gesting a potential interaction between the two. The fit
of dentures affects not only aesthetics and speech clarity
but also chewing function, which may contribute to self-
image issues and lower quality of life, increasing the risk
of depression [41, 42]. Furthermore, depressive symp-
toms may exacerbate the risk of cognitive impairment by
affecting cognitive domains such as attention, memory,
and executive function, leading to physiological changes,
including chronic inflammation and neurobiological
alterations [43]. Therefore, addressing the mental health
of elderly denture wearers is vital for preventing cognitive
impairment, and clinical practice should prioritize indi-
vidualized denture fitting and psychological support to
improve their quality of life and cognitive health.

In our research, IADL was favorably connected with
cognitive impairment in elderly people with dentures.
Many previous studies have shown that IADL is closely
related to cognitive function status, and IADL is com-
monly used as an important means of cognitive screening
in elderly people [44, 45]. As an important manifestation
of poor oral health in the elderly, wearing dentures may
have a more complex oral environment. The type of den-
ture, its position, and how long it is worn can affect the
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function of the denture [46] Older adults with poor IADL
often have difficulty independently brushing their teeth
and using oral care tools such as floss and dental irriga-
tors, resulting in worse oral health [47]. These adverse
effects reduce chewing ability in older adults. Decreased
chewing ability weakens spatial memory ability and
inhibits hippocampus cells [48]. In addition, quantitative
changes in sensory input due to reduced chewing activ-
ity may affect brain circuits, neurotransmission systems,
and neural activity, leading to cognitive impairment [49].
Interestingly, this study found that chewing ability, as
an important manifestation of the health status of the
elderly, was closely correlated with denture wearing and
cognitive function. Follow-up investigations will further
explore the correlation mechanism.

Our findings provide new evidence and practical
implications for preventing cognitive impairment. This
study introduces the first dynamic nomogram specifi-
cally designed for older adults with dentures, offering a
unique approach compared to traditional tools like the
MMSE. By incorporating easily obtainable variables, the
nomogram enables proxy assessments, thereby broaden-
ing the scope of screening to include individuals who are
less mobile or uncooperative. Its simplicity and adapt-
ability make it ideal for large-scale community use, allow-
ing health workers to monitor cognitive health through
oral health education and screening programs, offer-
ing a valuable tool for policymakers to enhance early
interventions.

This study has a few limitations. First, to enhance the
practicality of the model and minimize future implemen-
tation costs, we excluded physicochemical indicators.
Second, this study focused on older adults with dentures
to explore their unique cognitive risk factors. Future
studies could compare denture wearers and non-wearers
to further clarify these differences. Third, the nomogram
developed in this study mainly identifies the elderly pop-
ulation in China, which may have limitations for other
countries. Lastly, due to data constraints, we could not
distinguish between different types of denture users.
Future studies should explore subgroup classifications
to better understand their distinct impacts on cognitive
impairment risk.

Conclusion

This study developed and validated a nomogram as a
preliminary screening tool to predict the risk of cog-
nitive impairment in older adults wearing dentures,
subsequently translating it into an accessible online appli-
cation. By offering a practical and user-friendly solution,
this tool potentially provides community medical work-
ers with a valuable supplementary method for identifying
individuals aged 60 years and older who may be at risk of
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cognitive impairment. Furthermore, future exploration of
strategies to integrate this tool into routine geriatric and
dental care settings is essential to maximize its practical
utility and broader impact.
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