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Periodontal disease and cognitive deficits:
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Abstract

Background: Previous studies showed controversial findings for correlation of periodontal disease
and cognitive deficits. Methods: We searched systematically for studies pertaining to correlation of
periodontal disease and cognitive deficits published between August 1980 and December 2019 on
Web of Science and PubMed. We combined the data extracted from the included studies to determine
the correlation between periodontal disease and cognitive deficits. Results: Our analysis indicated a
higher risk of cognitive deficits in those with moderate to severe periodontal disease when compared
to those with mild or no periodontal disease (odds ratio (OR) = 1.38 (95% confidence intervals (CI):
1.28-1.48). Subgroup analysis showed significant correlations in only case-control and cohort studies
(case-control studies: OR = 1.49 (95% CI: 1.24-1.80); cohort studies: relative risk (RR) = 1.33 (95%
CI: 1.22-1.45)). Subgroup analysis also indicated that moderate to severe periodontal disease was
correlated to increased dementia and Alzheimer disease risks, whereas no significant correlation was
found between periodontal disease and mild cognitive impairment (dementia: OR/RRs = 1.32 (95%
CI: 1.22-1.44); Alzheimer disease: OR/RRs = 1.51 (95% CI: 1.20-1.90); Mild cognitive impairment:
OR/RRs = 1.31 (95% CI: 0.89-1.94)). Furthermore, subgroup analysis showed significant correlations
between cognitive deficits and tooth loss, periodontitis, whereas no significant correlation was found
between deep periodontal pockets and cognitive deficits (tooth loss: OR/RRs = 1.57 (95% CI: 1.39-
1.77); periodontitis: OR/RRs = 1.43 (95% CI: 1.03-2.00); deep periodontal pockets: OR/RRs = 1.24
(95% CI: 0.77-2.00)).

Conclusions: This review suggests a significant correlation between periodontal disease and cognitive
deficits. Interventional studies for periodontal disecase may be beneficial for patients with cognitive
deficits.
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INTRODUCTION

Periodontal disease (PD) is a chronic
inflammatory process induced by microorganisms.
Epidemiological evidence indicates that PD may
be seen between 20 and 50 percent of the general
population globally. In addition, it is considered
as one of the two most serious threats to the oral
health and the main cause of tooth loss.'?
Robust evidences has indicated a correlation
between PD and systemic diseases such as
cardiovascular disease, adverse pregnancy
outcome, chronic kidney disease and diabetes
mellitus.>* However, the correlation between
teeth loss and the risk of dementia are still under
investigation. Dementia is a clinical syndrome;
the common causes are Alzheimer disease (AD),

vascular dementia (VD), frontotemporal dementia,
dementia with Lewy bodies, and mixed dementia.
Cognitive deficits include dementia and mild
cognitive impairment (MCI). MCI represents
a transitional stage between normal aging and
dementia, especially, AD.> The correlation
between PD and cognitive deficits may be related
to the invasion of the brain through blood flow or
peripheral nerves by the bacteria residing in the
dental biofilm and their products.® Furthermore, a
study has shown an increased levels of cytokines
in both PD and cognitive deficits, suggesting the
presence of overlapping mechanisms between the
two diseases.®” However, the relationship between
PD and cognitive deficits remains unclear and
controversial.
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There are increasing studies investigating the
correlation between PD and cognitive deficits,
with inconsistent results.®® There has been some
meta-analysis studies recently exploring the
correlation between dementia or PD and tooth loss
or periodontitis.'®!"* This study aims to explore the
correlation between PD and cognitive deficits.
In addition, subgroup analysis are were also
performed to evaluate the correlations of different
types or symptoms of PD (including tooth loss,
deep periodontal pockets, periodontitis, alveolar
bone loss, caries and chewing difficulty) and
cognitive deficits (including dementia, AD, MCI,
VD, other types of dementia except AD). Our
study aims to be a comprehensive and systematic
review and meta-analysis on PD and cognitive
deficits. This was also the first meta-analysis for
the correlation between PD and MCI.

METHODS

Search strategy and selection criteria

Web of Science and PubMed databases were
searched for articles published in English between
August 1980 and December 2019. A full list of
search terms was included in the supplement.
A total of 408 studies were included after the
exclusion of duplicates. We included case-control
or cohort studies, reporting relative risk (RR) or
odds ratio (OR) and 95% confidence intervals (CI)
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related to PD and cognitive deficits. We excluded
meta-analyses, case studies and reviews.

Data extraction and analysis

We independently extracted the following data:
Author, publication year, numbers of participants,
information of included participants (age, gender
and MMSE), type of research, the ORs or RRs
and 95% CI after multivariate adjustment, types or
symptoms of PD and types of cognitive deficits.
According to a previous study'4, the ORs or RRs
and 95% CI were computed with STATA 12.0
software. The Q test and I> were used to examine
heterogeneity between studies. Random effects
models were conducted as pooling methods with
invariably high heterogeneity (p value for Q test
< 0.05). Otherwise, fixed effects models were
performed as pooling methods. Subgroup analyses
(for types of PD and research designs) were
conducted to detect source of the heterogeneity. In
addition, we applied sensitivity analysis to assess
the stabilization of the present study. Finally,
publication bias was assessed with Begg’s test
and funnel plot.

RESULTS

Search results

Figure 1 is a summary of the selection progression

Articles identified through
database searching Pubmed: n
= 386; Web of science: n = 335
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Figure 1. Flow of information through the different phases of a systematic review.
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process. The final analysis was based on 27 articles
on PD and cognitive deficits. Table 1 shows the
study characteristics and results. There were 18
cohort studies with a total of 33,467 subjects
and 9 case-control studies with a total of 4,088
subjects and 16,362 healthy controls. Among these
studies, 3 studies reported results for cognitive
deficits, 22 examined dementia as the endpoint,
4 studies reported results for AD, one study
examined VD as the endpoint, one study showed
results for dementia other than AD, 4 studies
examined MCI as the endpoint. In addition, 22
studies explored the correlation between tooth loss
and cognitive deficits, 3 studies reported results
for deep periodontal pockets, 3 studies explored
correlation between periodontitis and cognitive
deficits, one study examined alveolar bone loss
and another study explored correlation between
caries and cognitive deficits; 2 studies examined

Stud
ID y

chewing difficulty, and another study reported the
correlation with gingival bleeding.

Meta-analysis results

The study indicated a higher risk of cognitive
deficits in moderate to severe PD compared to that
with mild or no PD (ORs = 1.38 (95% CI: 1.28-
1.48); see Figure 2). Significant heterogeneities
were showed between included studies. Subgroup
analysis showed significant correlations in these
case-control studies (ORs =1.49 (95% CI: 1.24-
1.80)). A significant correlation was detected in
cohort studies (RRs = 1.33 (95% CI: 1.22-1.45);
see Figure 3). Subgroup analysis indicated that
PD was correlated to increased dementia and
AD risks, whereas no significant correlation
was found between PD and MCI (dementia: OR/
RRs =1.32 (95% CI: 1.22-1.44); AD: OR/RRs =
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Figure 2. The combined OR/RRs and 95% CI of cognitive deficits risk in moderate to severe PD vs. that with
mild or no PD. Abbreviations: CI, confidence intervals; OR, odds ratio; PD, periodontal disease; RR,

relative risk.
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Figure 3. The combined OR/RRs and 95% CI of cognitive deficits risk in moderate to severe PD vs. that with
mild or no PD for case-control studies and cohort studies. Abbreviations: CI, confidence intervals; OR,
odds ratio; PD, periodontal disease; RR, relative risk.

1.51 (95% CI: 1.20-1.90); MCI: OR/RRs = 1.31
(95% CI: 0.89-1.94); see Figure 4). Subgroup
analysis showed significant correlations between
cognitive deficits and tooth loss, periodontitis,
whereas no significant correlation was detected
between deep periodontal pockets and cognitive
deficits (tooth loss: OR/RRs = 1.57 (95% CI:
1.39-1.77); periodontitis: OR/RRs = 1.43 (95%
CI: 1.03-2.00); deep periodontal pockets: OR/
RRs = 1.24 (95% CI: 0.77-2.00); see Figure 5).
The sensitivity analysis showed no alterations
in the trend of effect when excluding any one
of the studies (see supplementary figure 1).
No significant publication bias was also found
in these studies (Begg’s test (p = 0.423); see
supplementary Figure 2).

DISCUSSION

This study showed a correlation between PD
and cognitive deficits. Significant correlation
was shown in cohort and case-control studies.
The correlation was significant between PD and
dementia or AD, whereas no significant correlation
was found between PD and MCI. There was also
significant correlations between cognitive deficits
and tooth loss, periodontitis, while no significant
correlation was found between deep periodontal
pockets and cognitive deficits.

AD is the most common cause of dementia
involving 75% of cases. One possible patho-
physiology link between PD and AD could be
systemic inflammation. It has been reported that
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Figure 4. The combined OR/RRs and 95% CI of different types of cognitive deficits risk in moderate to severe
PD vs. that with mild or no PD. Abbreviations: AD, Alzheimer’s disease; CI, confidence intervals; CI,
cognitive impairment; MCI, mild cognitive impairment; OR, odds ratio; PD, periodontal disease; RR,

relative risk; VD, vascular dementia.

300 million organisms can be harboured in a single
periodontal pocket.'S Periodontopathogens can
come into the systemic circulation via ulcerations
in periodontal pocket lining. Also, periodontal
pathogens could also incite pathology in the
distant locations. For example, P. gingivalis, an
actinomycetemcomitans, and 7. denticola can
invade multiple cell forms, thus evading the
extracellular host defense system and replicating
in the host tissues including brain tissues.'®!”
Previous studies have shown increased antibody
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levels of some periodontopathogens in the AD
patients when compared to healthy controls.'® In
addition, patients with the highest P. gingivalis
IgG showed poorer cognitive functions.! In the
past two decades, emerging evidence suggests
that inflammation may exacerbate or be part of
the pathogenesis in AD. Postmortem brains of
both AD transgenic animals and patients also
showed elevated levels of inflammatory cytokines
and chemokines.?®?' Previous studies indicated
that peripheral C-reactive protein (CRP) 23,
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Figure 5. The combined OR/RRs and 95% CI of cognitive deficits risk in different types or symptoms of moderate
to severe PD vs. that with mild or no PD. Abbreviations: CI, confidence intervals; OR, odds ratio; PD,

periodontal disease; RR, relative risk.

Interleukin (IL) -13%24, IL-6%, IL-122°, IL-1820%,
IL-8% concentrations were negatively associated
with Mini-Mental State Examination (MMSE)
scores in AD patients. In addition, there were
studies indicating that the use of non-steroidal
anti-inflammatory drugs (NSAIDs) was associated
with lower incidence of AD.? Furthermore, IL-
1P levels were significantly lower in donepezil-
treated AD patients.”® These studies provid
evidence for the concept that inflammation may
exacerbate or be part of the pathogenesis process

in AD.

Systemic inflammation in AD may exacerbate
neurological deficit. Peripheral inflammation
contributes to increased blood-brain barrier
(BBB) permeability and extravasations of plasma
proteins in the brain parenchyma.’' Increased
BBB permeability may allow some vasculotoxic
and neurotoxic proteins (e.g. thrombin, fibrin and
plasmin) to enter the brain.”> BBB dysfunction
contributes to the reduction of AP clearance at
the BBB. Increased extravasations of plasma
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proteins in the brain parenchyma may activate
microglia and astrocytes. The accompanying
edema contributes to a reduction of cerebral blood
flow (CBF).*? All these pathological process may
initiate a cascade of events that precedes dementia,
and contribute to the pathogenesis process of AD.

Our study has shown a significant correlation
between PD and dementia or AD, which
correspond to the result of some recent studies.'>!
However, no significant correlation was seen
between PD and MCI in our study. Some
previous studies have indicated that systematic
inflammation in MCI patients was more similar
to healthy controls than to AD patients.>** A
systematic review has shown that older individuals
with dementia has worse oral health (including
root caries, coronal caries and retained roots),
when compared to healthy older people.’ Lee
et al. also found that patients with dementia could
not visit the dentists regularly, when compared
to healthy controls.?” This may be another reason
contributing to the correlation between PD and
dementia. This situation may not arise in MCI
patients, which contributes to the absence of
correlation between PD and MCI. Our study
was the first meta-analysis to investigate the
relationship between PD and MCI.

Our study have the following limitations:
Only 4 studies were included for exploring the
correlation between PD and AD or MCI; while
only 3 studies reported results for deep periodontal
pockets or periodontitis. It would be better to have
more studies to evaluate the association between
PD and cognitive deficits in the meta-analysis
analysis.

In conclusion, the present meta-analysis
demonstrates a significant correlation between PD
and cognitive deficits. Interventional studies for
PD, such as non-surgical periodontal therapy may
be indicated in patients with cognitive deficits.
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