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Abstract

Aim: To study the epidemiological association between periodontitis and low cogni-
tive performance among older adults, within a representative sample of the
U.S. population.

Materials and Methods: Data from 2086 older adults (260 years old), representa-
tive of 77.1 million people, were retrieved from the NHANES 2011-2014 data-
base. Periodontitis cases were identified and classified according to the AAP/CDC
criteria (mild, moderate, and severe). Cognitive function was assessed through the
Consortium to Establish a Registry for Alzheimer's disease (CERAD), the animal
fluency test (AFT), the digit symbol substitution test (DSST), and the global cogni-
tion score. The lowest non-survey weighted quartile for each cognitive test was
defined as low cognitive performance. Simple and multiple regression analyses
were performed.

Results: Moderate and severe periodontitis were significantly associated with a low
DSST performance (OR = 1.66 and OR = 2.97, respectively). Each millimetre increase
in mean CAL was associated with a lower AFT (OR = 1.44), DSST (OR = 1.86), and
global cognition (OR = 1.50) performance.

Conclusions: The findings of the present study suggest the existence of an indepen-
dent association between periodontitis and low cognitive performance among older
adults (=60 years old).

KEYWORDS
Alzheimer's disease, cognitive decline, cognitive impairment, neurocognitive disorders,
periodontal diseases

Clinical Relevance

Scientific rationale for study: Although epidemiological studies have reported an association
between periodontitis and low cognitive performance, there are no studies on nationally repre-
sentative samples of high-risk subjects (260 years old) using full-mouth periodontal
examination data.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
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Principal findings: Periodontitis was significantly associated with low cognitive performance, spe-

cifically in verbal fluency and speed, sustained attention, and working memory.

Practical implications: Given its modifiable nature, the successful management of periodontitis

could be a target for the prevention of neurodegenerative disorders.

1 | INTRODUCTION

Alzheimer's disease (AD) and other types of dementia represent a
global public health concern, with more than 50 million people cur-
rently affected globally (Wu et al., 2017). With an ageing world popu-
lation, the number of people living with some form of cognitive
impairment is expected to rise dramatically (Winblad et al., 2016;
Nichols et al., 2019). Considering the current lack of effective treat-
ments, the identification of modifiable risk factors for cognitive
decline will be important so that effective preventive measures can be
developed (Livingston et al., 2020).

Periodontitis represents one of the most common non-
communicable diseases (NCDs) of humankind, affecting almost half of
the adult world population (GBD 2019 Diseases and Injuries
Collaborators, 2020; Morales et al., 2021; Stadle et al., 2021). The dis-
ease process exerts detrimental effects on both tooth-supporting
structures and general health. Indeed, periodontitis has been indepen-
dently associated with several systemic diseases and mortality
through direct and indirect pathways (Genco & Sanz, 2020;
Romandini et al., 2021; Antonoglou et al., 2022; Baima et al., 2022),
involving bacterial translocation to different target organs and an
increase in low-grade systemic inflammation (Romandini et al., 2018;
Schenkein et al., 2020). Consequently, as a result of these mecha-
nisms, a possible association with cognitive impairment has been also
hypothesized (Hajishengallis & Chavakis, 2021; Harding &
Singhrao, 2022).

DNA or virulence factors from periodontal pathogens, such as lipo-
polysaccharide (LPS) and gingipains, have been detected in the cerebro-
spinal fluid and brain autopsy specimens of patients with AD (Beydoun
et al,, 2020; Kantarci et al., 2020). Furthermore, the chronic systemic
inflammatory state elicited by periodontitis can plausibly favour the
degenerative brain processes via inflammaging and immunosenescence
(Baima et al., 2021; Cullen et al., 2021; Jungbauer et al., 2022). Peri-
odontitis may also increase the risk for other NCDs, including diabetes
and cardiovascular diseases (particularly hypertension and stroke)
(D'Aiuto et al., 2018; Czesnikiewicz-Guzik et al., 2019; Sanz et al., 2020).
These NCDs may then act as mediators in the causal pathway between
periodontitis and reduced cognitive performance.

Previous epidemiological studies have reported an association
between periodontitis and low cognitive performance (Nilsson
et al., 2018; Sung et al., 2019; Demmer et al., 2020). However, to
date, there are no studies based on nationally representative samples
using a full-mouth periodontal examination protocol and focused on
high-risk subjects (> 60 years), which may expose the available evi-
dence to the risk of both selection and information bias (Alshihayb
etal, 2022).

Therefore, the primary aim of this epidemiological investigation
was to study the association between periodontitis and low cognitive
performance in subjects aged 260 years using the National Health
and Nutrition Examination Survey (NHANES) 2011-2014. The sec-
ondary aim was to assess the potential mediating role of comorbidities
(e.g., hypertension) and systemic inflammation in explaining this
association.

2 | MATERIALS AND METHODS

This cross-sectional study is reported according to the STrengthening
the Reporting of OBservational studies in Epidemiology (STROBE)
guidelines (von Elm et al., 2007; Vandenbroucke et al., 2014).

21 | Studysample: NHANES 2011-2014

Data for the present study were drawn from the 2011-2014 cycles of
the NHANES. NHANES is a nationwide cross-sectional survey con-
ducted by the Centers for Disease Control and Prevention (CDC).
Each cycle consists of a stratified multi-stage probability sample rep-
resentative of the civilian, non-institutionalized U.S. population. For
each cycle, questionnaires were administered in the participants'
homes followed by a standardized examination performed in a spe-
cially equipped mobile examination centre (MEC). Detailed informa-
tion regarding the contents of the survey and the sampling methods is
provided elsewhere (Dye et al., 2019). The NHANES cycles were ethi-
cally approved by the CDC's National Center for Health Statistics
(NCHS) Research Ethics Review Board (ERB). All survey participants

signed a written consent form.

2.2 | Periodontal assessment

All survey participants aged 30 years or older, with at least one
remaining tooth (excluding third molars) and not meeting any of the
health exclusion criteria, were eligible for a full-mouth periodontal
examination performed by licensed dentists using a colour-coded peri-
odontal probe (PCP2, HuFriedy). The position of the gingival margin
and probing pocket depth (PPD) were measured at six sites/tooth
(excluding third molars). Clinical attachment level (CAL) was subse-
quently calculated from these measurements. The examiners were
trained and calibrated before the beginning of the surveys and then
periodically 2-3 times a year. Further details on the periodontal exam-

ination process are reported elsewhere (Dye et al., 2019).
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For this study, only participants aged >60 years with a complete
periodontal examination were eligible. Moderate and severe peri-
odontitis cases were defined using the CDC/AAP criteria (Eke
et al., 2012). The presence of 22 interproximal sites with CAL 24 mm
(not on the same tooth) or >2 interproximal sites with PPD =5 mm
defined moderate periodontitis. Severe periodontitis was defined as
the presence of 22 interproximal sites with CAL 26 mm (not on the
same tooth) and 21 interproximal site with PPD =5 mm. Mean PPD

and mean CAL were also calculated for each study participant.

2.3 | Cognitive functioning assessment

Only survey participants aged 60 years or more were eligible for the
cognitive functioning assessment. Cognitive function was evaluated
through the Word Learning and recall modules from the Consortium
to Establish a Registry for Alzheimer's Disease (CERAD-WL), the ani-
mal fluency test (AFT), and the digit symbol substitution test (DSST).

The CERAD-WL assesses immediate and delayed learning ability
after new verbal information (memory sub-domain) (Morris et al., 1989).
This test consists of three consecutive immediate recall learning tests
(CERAD-IR) and a delayed word recall test (CERAD-DR). For the learning
tests (CERAD-IR), participants were instructed to read aloud 10 unrelated
words, one at a time. Immediately following their presentation, partici-
pants had to recall as many words as possible, and the number of words
recalled represented the score for each trial (0-10). Therefore, the total
CERAD-IR score could range between 0 and 30. The delayed word recall
test (CERAD-DR), which was scored between 0 and 10, was performed
once the two other cognitive exercises (Animal Fluency and DSST) were
completed (approximately 8-10 minutes from the start of the word
learning trials). The scores obtained in the CERAD-IR and the CERAD-
DR were then totalled to calculate an overall CERAD-WL score
(Q. Zhang et al., 2022).

The AFT examines categorical verbal fluency, a component of
executive function (Strauss et al., 2006). Participants were asked to
name as many animals as possible in 1 minute, and the number of
named animals represented the AFT score.

The DSST, a performance module from the Wechsler Adult Intelli-
gence Scale (WAIS 1lI), relies on processing speed, sustained attention,
and working memory (Ryan & Lopez, 2001). This exercise was con-
ducted using a paper form with a top key containing nine numbers
paired with symbols. Participants had 2 minutes to copy the corre-
sponding symbols in the 133 boxes that adjoin the numbers. The total
number of correct matches represented the DSST score.

A global cognition score was calculated as the sum of the stan-
dardized z-scores of the CERAD-WL, AFT, and DSST tests, as previ-
ously reported (Li et al., 2019; Q. Zhang et al., 2022). Further details
on cognitive function testing methods are reported elsewhere
(National Health and Nutrition Examination Survey, 2011-2012,
2013-2014).

Only participants completing at least one recall of the provided
tests were included in the current study. Scores derived from the cog-

nitive tests were regarded as continuous variables (i.e., cognitive

functioning) and were also dichotomized, considering the lowest non-

survey weighted quartile to define low cognitive performance.

24 | Confounders

Age, gender, smoking, family poverty level (FPL), educational level,
and alcohol intake were considered as a priori confounders. A detailed
description of the confounders' assessment methods is reported in
Appendix S1.

2.5 | Mediators

Possible mediators included diabetes, hypertension, cardiovascular or
cerebrovascular diseases, and biomarkers of systemic inflammation
(white blood cells count [WBC] and platelet count). The detailed medi-
ators' assessment methods are reported in Appendix S1.

2.6 | Statistical analyses

All statistical analyses were performed with the statistical software
STATA BE (version 17.1, StataCorp LP, Texas, USA), setting the level
of significance at 5%. Analyses for complex samples were applied to
allow the generalization of the results to the entire non-
institutionalized U.S. population.

Continuous variables were described as means (linearized stan-
dard errors [SE]), while categorical variables were expressed as pro-
portions (SE).

Simple and multiple logistic/linear regression models were formu-
lated to evaluate the crude and adjusted estimates of the association
between moderate and severe periodontitis (vs. no or mild periodontitis),
mean PPD, and mean CAL, with low cognitive performance (lowest non-
survey weighted quartile) and cognitive functioning (continuous variable)
in the global cognition, CERAD, AFT, and DSST scores. In addition, a
priori sub-group analyses by gender were also reported.

Finally, a mediation analysis was performed to study the role of
each potential mediator in explaining the statistically significant esti-
mates resulting from the multiple logistic regression models. In this
analysis, the percentage (%) of excess risk explained was calculated
using the following formula: [(OR (final multiple model)—OR (final mul-
tiple model + mediator))/(OR (final multiple model)—1)]. This value
refers to the extent to which each potential mediator could explain
the association estimates found (Han et al., 2016; Romandini
et al., 2017; Marruganti et al., 2023).

3 | RESULTS

Out of the 19,931 subjects included in the NHANES 2011-2014
database, 3632 were aged >60 years and were potentially eligible for

cognitive functioning assessment. From these, 1546 subjects were
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excluded because they were edentulous, did not complete at least
one recall of the cognitive tests, or did not have a complete periodon-
tal examination. Consequently, the present study included 2086 par-

ticipants, representing a weighted population of approximately

77.1 million civilian non-institutionalized U.S. adults aged
>60 years old.
3.1 | Study population

The weighted mean age of the analysed sample was 68.6 (0.25) years,
with a higher proportion of female participants (weighted 53.3%). While
most of the included subjects were non-smokers (weighted 90.3%),
more than half of the selected population was either hypertensive
(weighted 22.1%) or borderline hypertensive (weighted 50.5%)
(Tables S1 and S2). In addition, the weighted prevalence of periodontitis
was 51.9% (mild: 1.4%; moderate: 41.9%; severe: 8.6%), while the
weighted prevalence of low cognitive performance was 14.9% for the
global cognition score, 16.0% for CERAD-IR, 19.5% for CERAD-DR,
18.0% for CERAD-WL, 14.6% for AFT, and 13.1% for DSST (Table 1).

3.2 | Moderate/severe periodontitis and low
cognitive performance

Results from the logistic regression analyses on the association
between moderate/severe periodontitis and low cognitive perfor-
mance are reported in Table 2.

In the crude analyses, moderate periodontitis was significantly
associated with increased odds of low cognitive performance in all
tests. However, when adjusting for confounders, moderate periodon-
titis was only significantly associated with a low DSST performance
(OR = 1.66; 95% Cl: 1.10-2.52). In the adjusted sub-group analyses

TABLE 1

Overall®
Global cognition score <—1.55, % (SE) 14.9 (0.01) 10.5(0.01)
CERAD-IR <16, % (SE) 16.0(0.01) 12.9 (0.02)
CERAD-DR <5, % (SE) 19.5(0.02) 16.6(0.02)
CERAD-WL <21, % (SE) 18.0 (0.01) 14.5(0.02)
AFT <13, % (SE) 14.6 (0.01) 11.1(0.01)
DSST <36, % (SE) 13.1(0.01) 7.2(0.01)

No/mild periodontitis®

periodontology. TAMA 1B S M

by gender, moderate periodontitis was significantly associated with
low performance in AFT (OR = 1.47; 95% CI: 1.01-2.14) and DSST
(OR = 1.81; 95% Cl: 1.20-2.72) tests in females only.

Severe periodontitis was significantly associated in the crude
models with increased odds of low performance in global cognition,
CERAD-IR and CERAD-WL, AFT, and DSST, but not CERAD-DR
scores. After adjusting for confounders, severe periodontitis was asso-
ciated with higher odds of low DSST performance (OR = 2.97; 95%
Cl: 1.56-5.65), but was not significantly associated with global cogni-
tion and CERAD scores. In the adjusted sub-group analyses, this asso-
ciation remained significant in both genders. Additionally, severe
periodontitis was associated with low performance in the global cog-
nition score in females only (OR = 2.91; 95% Cl: 1.32-6.40).

The results were consistent when analysing the continuous cogni-

tive function scores (Figure 1; Table S3).

3.3 | Mean PPD/CAL and low cognitive
performance

Results from the logistic regression analyses on the association
between mean PPD/mean CAL and low cognitive performance are
reported in Table 3.

In the crude analyses, mean PPD was significantly associated with
increased odds of low performance in the global cognition, CERAD-IR,
CERAD-WL, AFT, and DSST scores. However, when adjusting for
confounders, mean PPD was significantly associated only with low
performance in global cognition (OR = 1.83; 95% Cl: 1.11-3.01) and
DSST scores (OR = 2.91; 95% Cl: 1.88-4.51). Furthermore, in the
adjusted sub-group analyses, the association with low DSST perfor-
mance remained significant in both genders, while the association
with global cognition score was significant in females only
(OR = 2.85; 95% Cl: 1.56-5.21).

Prevalence of low cognitive performance: overall and according to periodontal status and gender

Moderate periodontitisS Severe periodontitis' Males® Females'

18.0(0.01) 24.9 (0.01) 16.9 (0.02) 13.1(0.01)
18.8 (0.02) 20.3 (0.02) 18.7 (0.02) 13.6 (0.02)
22.7 (0.02) 19.9 (0.02) 23.2(0.02) 16.2(0.02)
21.2 (0.01) 22.7 (0.02) 21.4(0.02) 15.1(0.01)
17.4(0.01) 21.5(0.01) 13.7(0.01) 15.4(0.01)
17.1(0.02) 27.7 (0.02) 13.8(0.01) 12.5(0.01)

Abbreviations: AFT, animal fluency test; CERAD-DR, Consortium to Establish a Registry for Alzheimer's Disease Delayed Recall; CERAD-IR, Consortium to
Establish a Registry for Alzheimer's Disease Immediate Recall; CERAD-WL, Consortium to Establish a Registry for Alzheimer's Disease Word Learning

subtest; DSST, digit symbol substitution test; SE, standard error.
2Overall: N = 2086; weighted N in millions = 77,123,337.
bNo/mild periodontitis: N = 817; weighted N in millions = 38,2.
“Moderate periodontitis: N = 989; weighted N in millions = 32,3.
9Severe Periodontitis: N = 280; weighted N in millions = 6,6.
*Males: N = 1034; weighted N in millions = 36,1.

fFemales: N = 1052; weighted N in millions = 41,1.
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Distribution of cognitive test scores by periodontitis severity (no/mild vs. moderate vs. severe periodontitis): (a) global cognition;

(b) CERAD-IR; (c) CERAD-DR; (d) CERAD-WL; (e) AFT; (f) DSST. The vertical dashed lines indicate the mean value of each cognitive test score by
sub-group of periodontitis severity. AFT, animal fluency test; CERAD-DR, Consortium to Establish a Registry for Alzheimer's Disease Delayed
Recall; CERAD-IR, Consortium to Establish a Registry for Alzheimer's Disease Immediate Recall; CERAD-WL, Consortium to Establish a Registry
for Alzheimer's Disease Word Learning subtest; DSST, digit symbol substitution test

Mean CAL was significantly associated with increased odds of
low performance in all cognitive tests. After adjusting for con-
founders, mean CAL was significantly associated with low perfor-
mance in global cognition (OR = 1.50; 95% CI: 1.14-1.98), AFT
(OR = 1.44; 95% Cl: 1.18-1.77), and DSST (OR = 1.86; 95% Cl: 1.44-

2.39), but not CERAD, scores. In the sub-group analyses, the esti-
mates for a low DSST performance remained significant in both gen-
ders, while the association with global cognition (OR = 2.38, 95% Cl:
1.63-3.47) and AFT (OR = 1.77; 95% Cl: 1.29-2.45) scores were pre-
sent only among females. Additionally, the mean CAL was associated
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with a low CERAD-WL performance among females (OR = 1.77; 95%
Cl: 1.29-2.45).
The results were consistent when analysing the continuous cogni-

tive function scores (Table S4).

3.4 | Mediation analysis

Table 4 shows the ORs for the association between periodontal vari-
ables and low cognitive performance after adjusting for putative medi-
ators. The magnitude of most ORs was mainly attenuated by
hypertension (up to 39% for severe periodontitis/DSST score). This
was also observed when considering continuous outcomes of cogni-

tive functioning scores (Table S5).

4 | DISCUSSION

The findings from the present population-based study showed a sig-
nificant association between periodontitis and low performance in
specific cognitive tests. Sub-group analyses indicated a possible effect
modification by gender, with stronger estimates observed among
females. Mediation analysis suggested that these associations may be
partially mediated by hypertension.

Recent epidemiological reports have explored the relationship
between periodontitis and low cognitive performance. In a longitudi-
nal analysis from a large cohort of U.S. adults aged between 45-
64 years, from a study non-representative sample (the Atherosclerosis
Risk in Communities study), a significant association was reported
between severe periodontitis and incident dementia (Demmer
et al.,, 2020). Furthermore, Sung and colleagues evaluated the associa-
tion between periodontitis and three validated functional cognitive
tests in the NHANES IIl database. They found a significant adjusted
association with the DSST and the serial digit learning tests, but not
with the simple reaction time test (SRTT) (Sung et al., 2019). The pre-
sent study corroborates these findings on high-risk subjects
(260 years) and additional cognitive functioning domains. Specifically,
the association pattern found in this current epidemiological report
suggests that the hypothesized deleterious effect of periodontitis on
the central nervous system may be more substantial on executive
function, attention, and working memory domains (AFT and DSST),
instead of learning (CERAD-IR) and retention/recall abilities
(CERAD-DR).

Stronger estimates of association were observed among females
in the gender sub-group analyses, which may be interpreted within
the gender-related epidemiological differences in cognitive decline
(Mielke et al., 2014; Gannon et al., 2019). Moreover, specific sex hor-
mones may exert different effects on the periodontal tissues and the
cognitive system (Miller & Halpern, 2014; Romandini et al., 2020).
Thus, they may act as plausible effect modifiers in the mechanistic
pathway between periodontitis and low cognitive performance.

Although the mechanistic pathways for the association between

periodontitis and cognitive decline have not been fully elucidated yet,

the role of systemic inflammation and vascular reactivity has been
widely recognized (van der Flier et al., 2018; Wardlaw et al., 2019).
Kantarci and colleagues used a transgenic murine model of Alzhei-
mer's disease to evaluate the effect of experimental periodontitis on
neuroinflammatory parameters (Kantarci et al., 2020). Experimental
periodontitis negatively impacted the microglia, brain's cytokine pro-
file, deposition of amyloid-beta peptide, and intra-neuronal neurofi-
brillary tangles of hyperphosphorylated tau protein. Similarly, J. Zhang
et al. (2018) provided pre-clinical evidence on the inflammatory path-
ways linking periodontitis with cognitive decline, assessed through
the impaired spatial learning and memory Morris' water maze tests.
The findings from the present study provide only minimal support for
the role of systemic inflammation as a mediating mechanism for the
association between periodontitis and low cognitive performance.
Moreover, the role of direct bacterial translocation cannot be
dismissed, since DNA from oral pathobionts has been detected in
brain samples of deceased patients with Alzheimer's disease
(Jungbauer et al., 2022).

The present study identified hypertension as a possible mediator
in the association between periodontitis and low cognitive perfor-
mance. Despite the novelty of this finding, long-term research studies
have already demonstrated that experiencing high blood pressure dur-
ing middle age is a critical factor that can increase the risk of develop-
ing dementia (Walker et al., 2019). At the same time, both
observational and interventional epidemiological studies have
highlighted the possible role of periodontitis as a risk factor for hyper-
tension (Martin-Cabezas et al., 2016; Drummond et al., 2019; Mufoz
Aguilera et al., 2020; Sanz et al., 2020).

The results from this study must be interpreted with caution
because of its cross-sectional design, which prevents the evaluation
of causality and limits the value of the reported mediation analyses.
Additional limitations include the possible lack of statistical power
for some of the non-significant estimates, the risk of residual con-
founding, the lack of a clinical examination able to diagnose and fur-
ther classify cognitive impairment, and the lack of additional
information on markers of systemic inflammation (e.g., C-reactive
protein and erythrocyte sedimentation rate). Nonetheless, the use
of a complete periodontal examination protocol minimized the risk
of information bias. Additionally, the external validity of the
reported findings is favoured by the employed sampling procedures,
which allow their generalizability to the whole non-institutionalized
U.S. population.

5 | CONCLUSIONS

This study suggests the presence of an independent association
between periodontitis and low cognitive performance, specifically in
verbal fluency and speed, sustained attention, and working memory,
as measured by the AFT and DSST tests. This association may be par-
tially mediated by the impact of periodontitis on hypertension. Longi-
tudinal cohort studies are needed to verify the role of periodontitis in

cognitive impairment. Future research should also include
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interventional studies assessing the role of periodontal treatment as a

preventive measure for low cognitive performance.
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