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1  |  INTRODUC TION

Oral diseases include dental caries, periodontitis, and tooth loss 
(which is the result of oral disease that leads to tooth extraction). 

In recent decades, some evidence has emerged supporting the as-
sociation between oral disease and cognitive decline/dementia 
(Kang et al.,  2020; Kang, Wu, et al.,  2019). It has been suggested 
that the association is possibly due to shared inflammation pathways 
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Abstract
Objective: To investigate the bidirectional association between oral diseases and cog-
nitive function comprehensively.
Subjects and Methods: This cross sectional study utilized data from the National 
Health and Nutrition Examination Survey. Oral diseases include periodontitis, den-
tal caries, and tooth loss (end point of oral disease resulting in tooth extraction). 
Cognitive function included three domains: memory, processing speed, and executive 
function. A global cognitive score was then derived from sum of the three cognitive 
domains. Oral cognition associations were examined using various statistical models: 
(1) Regress oral disease on cognitive function; (2) Regress cognitive function on oral 
disease; and (3) Structural equation modelling treating cognition and oral disease as 
latent variables.
Results: There were 2508 participants aged 60+ who had both oral and cognitive in-
formation. Associations between various oral disease and global cognitive score were 
observed (Odds ratio ORcog->periodontitis 0.95, 95% Confidence Interval [0.92, 0.99]; 
βcog->caries −0.13, [−0.23, −0.04]; βcog->tooth loss −0.03 [−0.04, −0.01]; βtooth loss->cog −0.04 
[−0.06, −0.02]; βcaries->cog −0.03 [−0.06, −0.01]; βperiodontitis->cog −0.39 [−0.69, −0.10]). 
Significant correlation was also found between these oral disease and cognitive func-
tion using structural equation model (r −0.22, [−0.34, −0.10]).
Conclusions: This study found robust bidirectional associations between oral dis-
ease and cognitive function using various modelling approaches among the aging 
population.
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between oral diseases and cognitive decline (Kamer et al.,  2008; 
Noble et al.,  2013), where the inflammation might be caused by 
chronic oral bacterial infection and dysbiosis (Dominy et al., 2019; 
Singhrao et al.,  2014). On the other hand, cognitive decline could 
influence oral hygiene behaviors, therefore, reciprocal direction of 
associations may be observed. However, few studies have explored 
both directions of such associations, as shown in several system-
atic reviews (Lin, 2018; Oh et al., 2018; Shen et al., 2016; Tonsekar 
et al., 2017). Mixed results and conclusions from the literature might 
be due to inaccurate measures in oral health or cognitive functions, 
study design, population differences, methodological variation, 
and sample selection issues (e.g., sample size and bias; Larvin, Gao, 
et al., 2023a; Wu et al., 2016). Therefore, more high-quality original 
studies using well-designed and clinically examined oral and cogni-
tive data, with detailed information on participants' demographic 
characteristics, lifestyle, and medical history, are valuable contribut-
ing to the knowledge development in this area.

While biological/clinical experiments, or long-term follow-up 
life course studies, would be the ideal ones for assessing the asso-
ciation between oral disease and cognitive function, these studies 
are usually costly, time consuming, and sometimes unethical to con-
duct. Hence, large-scale epidemiological studies are the alternatives, 
which are more feasible, cheaper, practical, and efficient to carry 
out. In this cross sectional study, we used data from the National 
Health and Nutrition Examination Survey (NHANES), a nationally 
representative health survey in the United States, to comprehen-
sively investigate the association between various oral diseases and 
various cognitive function domains.

2  |  METHODS

2.1  |  Study design

The study followed the STROBE guidelines (Von Elm et al., 2007). 
NHANES is a biennial national survey designed to examine and col-
lect the information on both health and nutritional status across the 
non-institutionalized United States population using a stratified, 
multistage, probability sampling design. Data has been collected 
using various methods including questionnaires, interviews, and 
physical examinations (Statistics NCfH, n.d.). The methods and de-
sign for the survey are available via the link: https://www.cdc.gov/
nchs/nhane​s/index.htm

2.2  |  Study participants

Participants aged 60 or over from NHANES 2011–12 and 2013–14 
were included in the analysis as these two cycles contain detailed 
dental clinical examination (six sites per tooth, 28 permanent teeth 
without wisdom teeth) and participants aged 60 or over received 
cognitive tests in three different domains (memory, processing 
speed, and executive function). Participants under 60 years old, or 

with incomplete cognitive tests or oral examination were excluded 
from this study. The flowchart of participants selection is presented 
in Figure 1.

Participants' consents were obtained by NHANES and the re-
lated documentation can be found via the link (https://www.cdc.
gov/nchs/nhane​s/genet​ics/genet​ic_parti​cipan​ts.htm).

2.3  |  Cognitive function

Cognitive function include memory measured by The Consortium to 
Establish a Registry for Alzheimer's Disease Word Learning subtest 
(CERAD W-L, raw score range: 0–40) (Morris et al., 1989), process-
ing speed measured by the Digit Symbol Substitution test (DSST, 
raw score range: 0–105) (Bienias et al., 2003; Plassman et al., 2007; 
Proust-Lima et al.,  2006), and executive function measured by the 
animal fluency test (raw score range: 0–40) (Strauss et al., 2006). Par-
ticipants were required to pass a pretest before the formal tests for 
the processing speed and executive function. The scores obtained for 
each cognitive domain were then all scaled to 0–10. Then, the global 
cognitive function (GCF) score (0–30) is derived based on the sum 
of scores form all cognitive domains with equal weight. The detailed 
methodology was documented in NHANES (2011/2012: https://
wwwn.cdc.gov/Nchs/Nhane​s/2011-2012/CFQ_G.htm; 2013/2014: 
https://wwwn.cdc.gov/Nchs/Nhane​s/2013-2014/CFQ_H.htm).

2.4  |  Oral diseases

Oral diseases were reflected by periodontitis, dental caries, and 
tooth loss. Periodontitis was clinically assessed and classified as 
“none, mild, moderate, severe” using a standard case definition for 
surveillance of periodontitis (Eke et al., 2012; Holtfreter et al., 2015). 
Dental caries is reported as the number of decayed, missing, and 
filled teeth (DMFT, scale 0–28). Tooth loss is measured by the num-
ber of remaining teeth count between 0 (edentulous) and 28 (all 
teeth present without wisdom teeth). The detailed description of 
oral disease and classification can be found elsewhere (Kang, Smith, 
et al., 2019).

2.5  |  Covariates

Based on previous studies, we included “common risk factors” for 
oral disease and cognitive decline as covariates (Hong et al., 2018; 
Kang et al.,  2020; Kang et al.,  2022; Kang, Wu, et al.,  2019; 
Larvin et al., 2020, 2022; Larvin, Gao, et al., 2023a; Larvin, Kang, 
et al.,  2021a, 2021b, 2023b; Larvin, Wilmott, et al.,  2021): demo-
graphic variables (age, sex, ethnicity, education qualification, mari-
tal status, and poverty index ratio), anthropometric measures (body 
mass index [BMI, kg/m2], waist measurement), lifestyle factors 
(smoking status, cigarette number in the past 30 days, at least 12 
alcohol drinks consumed in the past year, substance misuse, physical 
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activity, intake of sugar, carbohydrate, and energy); comorbidities 
(cardiovascular diseases [including congestive heart failure, coro-
nary heart disease, angina, and heart attack], diabetes, liver disease, 
arthritis, depression and sleep disorder); dental hygiene behavior 
(time since last dental visit, tooth brushing frequency per day, use 
dental floss). Data for both “time since last dental visit” and “dental 
floss” were available in NHANES 2011–2014 and toothbrush fre-
quency data was only available in 2013–2014.

2.6  |  Statistical analyses

Descriptive statistics were performed presenting cognitive function 
in quartiles among participants' characteristics. Continuous vari-
ables were presented as mean (SD) or median (interquartile range) 
and categorical variables were reported as frequency (%).

Participants who did not passed cognitive function pretests 
(pretest for animal fluency test and DSST test) or those who were 
edentulous were excluded at modelling stage, because no data 
were collected for them in formal cognitive tests and no peri-
odontitis presented in edentulous. If a variable had more than 
50% missing data, it will be excluded in the modelling. Moreover, 
184 participants with recorded diastolic blood pressure < 50Hmm 
were considered as outlier and coded as missing data. Periodontitis 

was further grouped as binary (yes/no) in modelling stage for sim-
plicity. Due to the significant amount of missing data in smoking 
status (n = 1230) and drug use (n = 1168), both were grouped into 
three categories (nonsmoker, ever smoker, unknown), where “un-
known” stand for missing response. Cigarette numbers (missing 
response = 2169) and tooth-brushing frequency (not measured 
in participants aged 60+) were excluded due to insufficient data 
(missing response = 2169).

To test the relationship between each oral disease (periodontitis, 
dental caries, and tooth loss) and each cognitive function domain 
(memory, processing speed, and executive function), appropriate re-
gression models were performed when treating cognitive function 
and oral disease as outcomes, respectively. Null models were tested 
first, and gradually adjusted for demography, lifestyle, anthropome-
try, presence of comorbidities, and dental hygiene behaviors in the 
fully adjusted models.

Finally, since the cognitive function consists of multiple domains 
and there are also multiple oral diseases, a structural equation model 
(SEM) was applied to understand the overall associations by assum-
ing two latent variables: cognition and oral disease, in which model 
the variables consist of the latent variables was considered with 
equal weight without bias. Memory, executive function, and pro-
cessing speed were the three observed variables for latent variable 
cognition, and dental caries and periodontitis were the two observed 

F I G U R E  1  Flowchart of sample 
selection from raw data in NHANES 
(2011–2014) to the final sample. N, 
number of participants.

 16010825, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/odi.14757 by U

niversity O
f L

eeds T
he B

rotherton L
ibrary, W

iley O
nline L

ibrary on [26/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



4  |    GAO et al.

variables for latent oral disease variable (tooth loss was highly cor-
related with dental caries therefore not used as another observed 
variable). All the covariates adjusted in the regression models were 
also adjusted in the SEM. The comparative fit index (CFI more than 
0.9 would indicate good model fit) and root-mean-square estimate 
(RMSEA, less than 0.06 as an indication of a good fit) were used to 
examine the model fit (Bentler, 1990).

The variables which contained small proportion of missing data 
were handled via multiple imputation methods and coefficients 
were combined using Rubin's rule (Rubin,  2004). Data were also 
analyzed on complete cases (those with missing data) and sensi-
tivity analysis was conducted to assess the impact of missing data. 
Statistical analyses were performed in R version 4.1.1 (https://
cran.r-proje​ct.org/) with various packages. Significance level were 
set at 0.05.

3  |  RESULTS

Overall, 2508 (50.1% male; mean age 69.3, SD 6.7) participants 
aged over 60 fulfilled the inclusion criteria (Figure 1). Full descrip-
tive tables are in Tables  S1–S3. Excluding edentulous participants 
and those who did not pass the cognitive pretest, 1987 participants 
remained. The average global cognitive score was 14.1 (SD 3.9) out 
of 30, and 49.4% participants had periodontitis (Table 1).

For cognitive function as outcome, fully adjusted models showed 
that the participants with periodontitis (β = −0.39, 95% CI [−0.69, 
−0.10]), more missing teeth (β = −0.04, 95% CI [−0.06, −0.02]), or 
more caries (DMFT β = −0.03, 95% CI [−0.06, −0.01]) were likely 
to have lower global cognitive score. In particular, the higher num-
ber of missing teeth was associated with lower executive function 
(beta −0.01, 95% CI [−0.02, −0.00]) and processing speed (β = −0.02, 
95% CI [−0.03, −0.01]). The higher number of DMFT is related to 
lower processing speed (β = −0.01, 95% CI [−0.02, −0.01]) only. Hav-
ing periodontitis was associated with poorer memory (β = −0.15, 
95% CI [−0.30, 0.00] and processing speed (β = −0.16, 95% CI [−0.28, 
−0.04]) (Table 2). Tables summarize results from each stage of ad-
justments and can be view in Table S4.

For oral disease as outcome, three different regression models 
were applied based on the distribution of oral health outcomes: 
linear model for the number of DMFT, negative binomial model 
for the number of missing teeth, and binomial logistic regression 
for periodontitis (Histogram is available in Figure S1). In the fully 
adjusted models, the effect of global cognitive score on periodon-
titis (OR 0.95, 95% CI [0.92, 0.99]), the number of missing teeth 
(β = −0.03, 95% CI [−0.04, −0.01]), and DMFT (β = −0.13, 95% CI 
[−0.23, −0.04]) was demonstrated. Periodontitis was associated 
with poorer memory (OR = 0.93, 95% CI [0.87, 1.00] and process-
ing speed (OR = 0.88, 95% CI [0.81, 0.96]). A higher number of 
DMFT was negatively associated with processing speed (β = −0.36, 
95% CI [−0.58, −0.14]); while executive function (OR = −0.06, 95% 
CI [−0.09, −0.03]) and poorer processing speed (β = −0.07, 95% CI 
[−0.11, −0.04]) were strongly associated with the higher number of 

missing teeth (Table 3). Tables summarize results from each stage 
of adjustments and can be view in Table S5.

Finally, SEM showed association between the two latent variables: 
oral disease and cognitive function, after full adjustment (correlation 
r = −0.22, 95% CI [−0.34, −0.10]) (i.e., better cognitive function associ-
ated with better oral health—high value in oral disease indicate worse 
oral health) (Figure 2). The results showed that the data were well fit-
ted in the model (CFI = 0.99, RMSEA = 0.05, SRMR = 0.02).

TA B L E  1  Overall sample characteristics and characteristics 
in highest and lowest cognitive function quartiles: NHANES, 
2011–2014.

Overall

Cognitive function

<25% ≥75%

N 2508 605 606

Demographic

Gender, male (%) 1257 (50.1) 352 (58.2) 235 (38.8)

Age, mean (SD) 69.3 (6.7) 71.8 (7.0) 66.3 (5.5)

Race (%)

Mexican American 225 (9.0) 63 (10.4) 39 (6.4)

Other Hispanic 264 (10.5) 97 (16.0) 35 (5.8)

Non-Hispanic 
White

1149 (45.8) 200 (33.1) 393 (64.9)

Non-Hispanic Black 624 (24.9) 193 (31.9) 87 (14.4)

Other 246 (9.8) 52 (8.6) 52 (8.6)

Education, College or 
Above (%)

1241 (49.5) 142 (23.5) 466 (76.9)

PIR, Mean (SD) 2.6 (1.6) 1.9 (1.4) 3.4 (1.6)

Cognitive function

Memory, Mean (SD) 6.0 (1.8) 4.1 (1.3) 7.7 (1.0)

Executive function, 
Mean (SD)

3.6 (1.5) 2.3 (1.0) 5.20 (1.3)

Processing speed, 
Mean (SD)

4.4 (1.6) 2.7 (1.0) 6.2 (1.0)

Global cognitive 
function, Mean 
(SD)

14.1 (3.9) 9.1 (1.8) 19.1 (1.8)

Oral health

Missing teeth, Mean 
(SD)

11.9 (10.2) 16.1 (9.9) 7.0 (8.6)

DMFT, Mean (SD) 18.4 (7.3) 20.3 (7.5) 16.0 (6.6)

Periodontitis severity (%)

None 1268 (50.6) 291 (48.1) 354 (58.4)

Mild–Moderate 978 (39.0) 239 (39.5) 206 (34.0)

Severe 262 (10.4) 75 (12.4) 46 (7.6)

Abbreviations: N, number of participants; PIR, poverty index ratio; 
SD, standard deviation. Note: PIR is defined as the ratio of total family 
income to the US poverty level; <25%, the participants with global 
cognitive function scores that are the lowest 25% in the overall sample 
size; ≥75%, participants with global cognitive function scores that are 
the highest 25% in the overall sample size. There were missing data 
in the following variables: education (<0.1%), income ratio (8.2%), 
processing speed (0.4%), and executive function (3.1%).
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Sensitivity analysis using complete cases was performed and re-
sults remain robust (Supplement Table S6 and S7 for modelling re-
sults, Figure S2 for SEM results of sensitivity analysis).

4  |  DISCUSSION

Our study revealed robust associations between oral diseases (den-
tal caries, periodontitis, and tooth loss) and poor global cognitive 
function in individuals over 60 years of age. Interestingly, we found 
that processing speed is associated with every oral disease, but 
memory or executive function is only associated with certain oral 
disease.

To date, hundreds of original studies have examined the asso-
ciation between oral diseases and cognitive function/decline. Our 
results are supported by some of them: previous findings showed 
the negative effect of poor oral health on the cognitive function 
(Demmer et al., 2020; Kang, Wu, et al., 2019; Winning et al., 2022), 
especially the bidirectional relationship over a 6-year follow-up 
(Kang et al., 2020). The studies successfully found the association 
including this study are similar on large sample size (more than 
1000 participants), well-adjusted statistical model (e.g., with con-
sideration on essential health behaviors and health status), and 
participants aged 45–60 or over (mid to old age). However, there 
are still many other previous studies failed to find such association. 
For example, some found no differences on dementia outcome 

TA B L E  2  Oral health's association with cognitive function outcomes: NHANES 2011–2014 (n = 1987).

Model

Cognitive outcomes (βa, 95% CI)

Memory Executive function Processing speed Global cognitive score

Missing teeth Unadjusted −0.04 [−0.05, −0.03]*** −0.05 [−0.06, −0.04]*** −0.08 [−0.09, −0.07]*** −0.17 [−0.19, −0.15]***

Adjustedb −0.00 [−0.01, 0.01] −0.01 [−0.02, −0.00]** −0.02 [−0.03, −0.01]*** −0.04 [−0.06, −0.02]***

DMFT Unadjusted −0.03 [−0.04, −0.02]*** −0.04 [−0.03, −0.01]*** −0.04 [−0.05, −0.02]*** −0.09 [−0.11, −0.06]***

Adjustedb −0.01 [−0.02, 0.00] −0.01 [−0.02, 0.00] −0.01 [−0.02, −0.01]** −0.03 [−0.06, −0.01]**

Periodontitis Unadjusted −0.57 [−0.72, −0.41]*** −0.79 [−0.53, −0.26]*** −0.79 [−0.94, −0.65]*** −1.75 [−2.10, −1.41]***

Adjustedb −0.15 [−0.30, 0.00]* −0.08 [−0.22, 0.05] −0.16 [−0.28, −0.04]** −0.39 [−0.69, −0.10]**

Abbreviations: N, number of participants; CI, confidence interval; DMFT, the number of missing, decayed, filled tooth.
aLinear regression models were used to obtain coefficients: oral health factor as predictor, cognitive function as outcome. The beta represents the 
coefficient estimate of per tooth increase or per unit of DMFT increase or having periodontitis on each cognitive function.
bAdjusted for demographic variables (age, sex, ethnicity, education qualification, marital status, and poverty index ratio), anthropometric measures 
(BMI, waist measurement), lifestyle factors (smoking status, alcohol intake, substance misuse, physical activity, intake of sugar, carbohydrate, and 
energy), comorbidities (cardiovascular diseases, diabetes, liver disease, arthritis, depression, and sleep disorder), dental hygiene behavior (time since 
last dental visit, use dental floss).
***p < 0.001; **p < 0.01; *p < 0.05.

TA B L E  3  Cognitive function's association with oral health outcomes. NHANES (n = 1987), 2011–2014.

Models

Periodontitis DMFT Missing teeth

OR, 95% CI Beta, 95% CI Beta, 95% CI

Logistic Linear Negative binomial

Memory Unadjusted 0.82 [0.77, 0.86]*** −0.42 [−0.58, −0.25]*** −0.10 [−0.12, −0.07]***

Adjusteda 0.93 [0.87, 1.00]* −0.15 [−0.33, 0.02] −0.01 [−0.04, 0.02]

Executive function Unadjusted 0.94 [0.89, 1.00]* −0.35 [−0.54, −0.16]*** −0.15 [−0.18, −0.12]***

Adjusteda 0.95 [0.88, 1.03] −0.17 [−0.38, 0.03] −0.06 [−0.09, −0.03]***

Processing speed Unadjusted 0.91 [0.86, 0.95]*** −0.54 [−0.71, −0.36]*** −0.22 [−0.25, −0.19]***

Adjusteda 0.88 [0.81, 0.96]** −0.36 [−0.58, −0.14]** −0.07 [−0.11, −0.04]***

Global cognitive score Unadjusted 0.88 [0.86, 0.91]*** −0.23 [−0.30, −0.16]*** −0.08 [−0.09, −0.07]***

Adjusteda 0.95 [0.92, 0.99]** −0.13 [−0.23, −0.04]** −0.03 [−0.04, −0.01]***

Abbreviations: N, number of participants; CI, confidence interval; DMFT, the number of missing, decayed, filled tooth.
aAdjusted for demographic variables (age, sex, ethnicity, education qualification, marital status, and poverty index ratio), anthropometric measures 
(BMI, waist measurement), lifestyle factors (smoking status, alcohol intake, substance misuse, physical activity, intake of sugar, carbohydrate, and 
energy), comorbidities (cardiovascular diseases, diabetes, liver disease, arthritis, depression, and sleep disorder), dental hygiene behavior (time since 
last dental visit, use dental floss).
***p < 0.001; **p < 0.01; *p < 0.05.

 16010825, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/odi.14757 by U

niversity O
f L

eeds T
he B

rotherton L
ibrary, W

iley O
nline L

ibrary on [26/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



6  |    GAO et al.

between periodontitis group and non-periodontitis group (Holmer 
et al., 2022). Compared to our study, this study did not consider 
the effect from smoking and sample size in final follow-up and 
analysis despite of large sample size at beginning. The definition 
of periodontitis is also different where they consider deep pocket 
depth only but our study and some other study use both clinical 
attachment loss and pocket depth simultaneously. This could also 
lead to different conclusions. Varied study qualities and mixed 
evidence have also been noted from a recent systematic review, 
where they discussed how study design factors can influence the 
prevalence and risk estimates of cognitive disorders in relation to 
oral diseases. These factors include cross sectional versus lon-
gitudinal study designs, inconsistent definitions of oral diseases 
(especially periodontal disease), self-reported vs clinical assessed 
oral diseases/cognitive decline or dementia, varying sample sizes, 
confounding effects, and data quality (Larvin, Gao, et al., 2023). 
Our study will contribute to the expanding knowledge pool on the 
association between oral diseases and cognitive health by provid-
ing reliable, and robust evidence with adjustments on essential 
covariates.

The impact of oral diseases, from dental caries or periodontitis to 
its end stage—tooth loss, on cognitive function might be explained 
through the “nutrition pathway”: oral disease or tooth loss can cause 

chewing disability, leading to limited diet selection and lack of nutri-
tion intake (Kossioni, 2018). This can contribute to poorer cognitive 
function due to malnourishment (Shatenstein et al., 2012). However, 
this mechanism may only explain the association between oral dis-
eases and cognitive impairment in those with severe tooth loss, es-
pecially those who do not use dentures (Witter et al., 1990). Hence, 
the “commonly inflammatory pathway” theory is more supported 
by existing evidence (Beydoun et al., 2020; Matsushita et al., 2020; 
Tonsekar et al.,  2017). This theory suggested that oral pathogens 
such as Porphyromonas gingivalis which is responsible for chronic 
oral disease like periodontitis, may travel through blood vessels to 
the body and brain and contribute to neurodegeneration (Dominy 
et al.,  2019). However, this theory is not fully convincing too, as 
there are still studies arguing that the exiting evidence supporting 
this mechanism is still limited and mixed in study quality (Thomson 
& Barak,  2021). Future high-quality biological studies are needed 
to further support this hypothesis. Other “life course” studies have 
proposed that it is the poorer health behavior and lifestyle choice 
(e.g., smoking and high sugar consumption) of people with lower 
cognitive function at a young age that result in worse oral health in 
older age. These individuals with lower cognitive function at a young 
age are also at higher risk of cognitive decline and dementia in older 
age (Thomson et al.,  2019; Thomson & Barak,  2021). True, better 

F I G U R E  2  Structure Equation model considering oral health and cognitive function as two latent variables. The cycle represented the 
latent variable; the rectangle represented observed values. The coefficient estimate and standardized error were marked next to the solid 
line, which indicated the association. Covariates were summarized and represented by its category in this diagram: demographic variables 
(age, sex, ethnicity, education qualification, marital status, and poverty index ratio), anthropometric measures (BMI, waist measurement), 
lifestyle factors (smoking status, alcohol intake, substance misuse, physical activity, intake of sugar, carbohydrate, and energy), comorbidities 
(cardiovascular diseases, diabetes, liver disease, arthritis, depression, and sleep disorder), dental hygiene behavior (time since last dental visit, 
use dental floss). ***p < 0.001.
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cognitive function may indicate better awareness and capability 
of dental care, whereas poor oral hygiene behaviors due to cogni-
tive impairment could worsen the oral health conditions (Thomson 
et al., 2018; Wu et al., 2007). Our observed reciprocal relationship 
between oral health and cognitive function among people over 
60 years old provided a snapshot evidence supporting the “oral-
cognition” association, but it is still a long way to go to find the actual 
mechanism.

Furthermore, each cognitive domain showed different levels of 
association with each oral disease. Processing speed is related to all 
oral diseases, but periodontitis was associated with memory but not 
executive function. Tooth loss and dental carries were associated 
with executive function but not memory. However, this interpreta-
tion should be approached with caution in the absence of a plausible 
biological explanation. Future studies should explore specific cogni-
tive domains and oral diseases to understand their shared pathoge-
nicity and identify targeted populations for intervention.

Our study has several strengths. First, our study benefited from 
the nationally representative, high quality, large-scale NHANES data 
in the aging population with minimal selection bias. Clinical mea-
surements of oral features and professional cognitive assessment 
contribute to a more reliable result. Confounding factors which 
ranged from demographic information to oral hygiene behaviors, 
multiple methods, questionnaire, interview, physical measure-
ments were also used and guaranteed by the quality of the data 
(Statistics NCfH, n.d.). Secondly, our study utilized comprehensive 
and well-adjusted statistical modelling approaches. Especially, the 
use of SEM considered oral health and cognitive function as latent 
variables commonly with less bias from measurement (Tomarken & 
Waller, 2005). This further ensure the validity and reliability of the 
robustness in the results, and sensitivity analysis further demon-
strated our result's robustness.

Our study also has some limitations. First, NHANES is cross sec-
tional survey; thus, we cannot draw causal inference; the underlying 
mechanism and causality still needs investigation. Second, residual 
selection bias may occur by excluding edentulous participants or 
those who failed cognitive pretest. Third, there were different levels 
of data missing in several covariates (e.g., 46.57% data missing in 
drug use) which might be due to unwillingness of sharing this expe-
rience. Therefore, reporter bias might occur. While smoking was an 
important mediator/moderator in the association between oral dis-
ease and cognitive function, in our study, high proportion of missing 
data in smoking status made such insightful analyses not possible. 
Finally, it is worth noting that this study did not include the edentu-
lous participants, but the residual damage of periodontitis could still 
remain in those patients. It is not fully understood biologically yet 
how the residual damage influence on the cognitive function status, 
but evidence from many studies have shown edentulism contributes 
to greater risks ofdementia (Stein et al., 2010) and cognitive decline 
(Naorungroj et al., 2015).

Oral health is undoubtable an important part of healthy aging, 
and oral care in the aging population should not be neglected. While 
we cannot conclude whether the association between oral disease 

and poor cognitive function is causal, prevention of oral disease is 
crucial for a better quality of life.

5  |  CONCLUSIONS

Our study showed the associations between oral diseases and cog-
nitive function in the aging population, emphasizing the importance 
of maintaining a good cognitive function and oral health. Our study 
also provides insight into the association between specific oral dis-
eases and cognitive domains. Further studies are required to explore 
whether a causal association exists and to investigate the biological 
mechanism.
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