





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

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 =

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

348

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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