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A B S T R A C T

Background and objective: Despite clinical trials and reviews attempt to assess a possible relationship between
dementia and periodontal disease, no meta-analysis has been performed and this issue remains undetermined.
The aim of this study is to conduct a systematic review and meta-analysis to assess severity of periodontitis in
subjects with dementia.
Methods: The search was conducted in Pubmed, Embase/MEDLINE. Two independent reviewers extracted data
and assessed the risk bias (Newcastle–Ottawa scale). Meta-analyses were performed using the means of probing
depth (PD) and clinical attachment loss (CAL) in patients with or without dementia. The mean difference were
analyzed (P≤ 0.05).
Results: Fourteen studies were included in the systematic review. In the qualitative analysis, most studies re-
ported higher prevalence of periodontal disease in dementia patients. The studies had low risk of bias and two
meta-analyses were performed for each parameter, including or not a cross-sectional study. The meta-analyses
including the cross-sectional study demonstrated significant association between dementia and periodontal
disease (mean difference: PD=1.41; CAL=1.40, P < 0.05), however, it wasn’t confirmed when the cross-
sectional study was removed (1.25mm, P < 0.22) and CAL (1.20mm, P < 0.22).
Conclusion: Although the qualitative analysis have suggested worse periodontal conditions in dementia patients,
due to different study types and the high heterogeneity among them, the meta-analysis does not support the
association between dementia and severity of periodontal disease.

1. Introduction

Dementia is a progressive syndrome, leading to a deterioration of
cognitive function that can affect memory, orientation, the ability to
perform routine work, behavior, thinking, understanding, learning
ability, and judgment (Dementia, 2012). More than 47 million people
suffer from dementia worldwide and 7.7 million new individuals are
diagnosed with dementia every year. Moreover, by 2050, cases of de-
mentia are estimated to increase to almost 115 million, three times the
current estimate (World Alzheimer Report, 2009).

Dementia can be classified into different subtypes according to the
associated brain pathologies, and the most common are Alzheimer’s
disease (AD), vascular dementia (VD), dementia with Lewy bodies
(DLB), and frontotemporal dementia (FTD) (Chu, Ng, Chau, & Lo,
2015). In 2016, it is estimated that 700,000 Americans aged ≥ 65 years
will die with Alzheimer's disease, and many of them will die because of

the complications caused by Alzheimer's disease. These statistics un-
derline the public health importance of identifying modifiable risk
factors. Such data show that anything that contributes to the worsening
of the patients’ condition should be considered for treatment.

Futhermore, with the progression of severity in dementia, the ability
of patients to perform self-care, including oral hygiene practice, dete-
riorates gradually (Chu et al., 2015), increasing the amount of bacterial
plaque and debris, and resulting in inflammation and gingival bleeding
(Gil-Montoya et al., 2015). Persistence of gingival inflammation is de-
terminant for the development of periodontitis (Leask, Holmes, Black, &
Abraham, 2003; Schroeder, Munzel-Pedrazzoli, & Page, 1973; Kurgan &
Kantarci, 2017) but may not consist an unquestionable statement to
confirm progression of gingivitis to periodontitis (Kurgan & Kantarci,
2017). The elements of host response and/or site-specificity shall be
considered to explain long-term stability or progressive attachment loss
in different sites in the same individual (Kurgan & Kantarci, 2017).
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Considering these aspects, it is speculated that patients with de-
mentia could have poor oral hygiene habits and worse periodontal
condition. Therefore, the aim of this study is to conduct a systematic
review and meta-analysis to assess the severity of periodontal disease in
subjects with dementia.

2. Methods

This review is registered in the PROSPERO database
(CRD42016053685), in compliance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) statement guide-
lines (Moher, Liberati, Tetzlaff, Altman, & PRISMA, 2010; Welch et al.,
2012). The review also followed models proposed in the literature
(Araújo et al., 2016; de Almeida et al., 2017).

2.1. Literature search strategy

Two independent reviewers (J.M.M.N., D.J.R.G.) conducted an
electronic search on the PubMed/Medline and EMBASE databases for
articles published in English within the last 20 years (January 1 st 1997
to September 2st, 2017). The key words used were: periodontal disease;
dementia; Alzheimer's disease; vascular dementia; and frontotemporal
dementia. Specifically; the PubMed search terms were as follows:
((((Periodontal disease and dementia)) OR (Periodontal disease and
Alzheimer’s disease)) OR (Periodontal disease and vascular dementia))
OR (Periodontal disease and frontotemporal dementia).

On Embase/MEDLINE, the literature search terms were: periodontal
AND ('disease'/exp OR disease) AND ((('dementia'/exp OR dementia OR
alzheimers) AND ('disease'/exp OR disease) OR vascular) AND ('de-
mentia'/exp OR dementia) OR frontotemporal) AND ('dementia'/exp
OR dementia) AND [english]/lim AND ([embase]/lim OR [medline]/
lim) AND [1997–2017]/py.

A further manual search was conducted of the reference lists of
relevant review studies. We reviewed all potential abstracts and com-
plete texts, and selected those that met the criteria detailed below.
Disagreements between researchers were settled by consensus. Cohen’s
kappa coefficient was used to evaluate the disagreement between the
researchers.

2.2. Focus question

In accordance with the PICO framework (Miller & Forrest, 2001),
we used the focus question “Is there an association between dementia
and periodontal disease severity in older dementia adults?”

• Population: patients with dementia and without dementia, based on
case definitions used in the publications

• Intervention: different periodontal indexes (PI: Plaque index; BOP:
Bleeding on probing; GBI: Gingival bleeding index; PD: Probing
depth; CAL: Clinical attachment loss; CPI: Community Periodontal
index; CPITN: Community Index of Periodontal Treatment Needs
(Ainamo et al., 1982; Ainamo & Bay, 1975; Cestari et al., 2016;
Dhingra & Vandana, 2011; Gil-Montoya, Sánchez-Lara et al., 2017;
Gil-Montoya, Barrios et al., 2017; Haffajee & Socransky, 1986; Joss,
Adler, & Lang, 1994; Listgarten, 1980; Martande et al., 2014;
Newbrun, 1996; Rai, Kaur, & Anand, 2012; World Health
Organization, 2005) (Table 1)

• Comparison: between the dementia and non-dementia group
through the periodontal indexes presented

• Outcomes: Poorer results in the periodontal indexes in the dementia
patients

2.3. Inclusion criteria

Case-control, cross-sectional, longitudinal and cohort studies in
humans with at least six patients that evaluated periodontal indexes in

patients with dementia, with mild cognitive impairment, and without
dementia.

2.4. Exclusion criteria

Studies that did not evaluate periodontal indexes or evaluated only
one periodontal index, without control groups, with only abstract
available and those without access (Bramanti et al., 2015; Chen, Wu, &
Chang, 2017; Chalmers, Carter, & Spencer, 2003; Fereshtehnejad et al.,
2017; Hatipoglu, Kabay, & Güven, 2011; Kamer et al., 2009; Kim et al.,
2007; Lee, Lee et al., 2017; Lee, Hu, Huang, Chou, & Chu, 2017; Luo
et al., 2015; Noble, Manly, Schupf, Tang, & Luchsinger, 2012; Noble
et al., 2014; Noble et al., 2017; Sochocka et al., 2017a; Sochocka et al.,
2017b; Singh, 2016; Sparks Stein et al., 2012; Stewart et al., 2015;
Takeuchi et al., 2017; Zenthöfer, Meyer-Kühling et al., 2016) (studies
were considered without access after sending an e-mail to their corre-
sponding authors) (Table 2).

2.5. Included in meta-analyses

We included studies that had, as variables, PD and CAL that used
parametric data (means) in patients with and without dementia in a
subsequent meta-analysis (Cestari et al., 2016; Gil-Montoya et al., 2015;
Rai et al., 2012; Martande et al., 2014).

2.6. Assessment of bias within studies

The qualities of the studies selected for the meta-analysis were
evaluated based on the Newcastle-Ottawa scale (NOS) (You, Qu, & Yu,
2016; Wells et al., 2011). The scale has been shown to be reliable and
valid (Li et al., 2008). Studies scoring five or more points were con-
sidered to be of high quality (Higgins & Thompson, 2002).

2.7. Statistical analysis

The Comprehensive Meta-Analysis Program (Review Manager 5.3,
Cochrane Collaboration, Oxford, UK) was used for the meta-analysis.
The meta-analysis was conducted including studies with similar com-
parisons and the same outcomes.

The fixed effects model was used when there was no statistically
significant difference, and the random effects model was adopted when
there was a statistically significant difference, which means a high
index of heterogeneity among the trials. Heterogeneity was considered
significant when p < 0.01. Heterogeneity was assessed using a method
in which the χ2 and I2 values were measured. The statistical value of I2

was used to analyze variations in heterogeneity; values above 75%
(0–100%) indicate relevant heterogeneity (Atieh, Ibrahim, & Atieh,
2010; Annibali et al., 2012; Higgins & Thompson, 2002). In cases with
no appropriate data, the values were calculated.

3. Results

The electronic search on the databases identified 440 articles (Fig. 1
shows details of the research process and the study selection). After
elimination of duplicates and analyses of the titles and abstracts ac-
cording to the inclusion and exclusion criteria, we considered 34 arti-
cles as eligible; however, we had no access to the study by Bramanti
et al. (Bramanti et al., 2015) which was excluded. Thus, 33 full texts
were analyzed, and 19 were excluded based on the criteria (Table 2).

Finally, 14 articles were selected for systematic review (Chen,
Shuman, Hodges, Gatewood, & Xu, 2010; Chen, Clark, & Naorungroj,
2013; Chu et al., 2015; Cestari et al., 2016; De Souza Rolim et al., 2014;
Gil-Montoya et al., 2015; Gil-Montoya, Sánchez-Lara et al., 2017; Gil-
Montoya, Barrios et al., 2017; Martande et al., 2014; Okamoto et al.,
2010; Rai et al., 2012; Syrjälä et al., 2012; Zenthöfer, Cabrera,
Rammelsberg, & Hassel, 2016; Zenthöfer et al., 2017) (Table 3), with
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four of them being included in the meta-analyses (Gil-Montoya et al.,
2015; Rai et al., 2012; Martande et al., 2014; Cestari et al., 2016)
(Fig. 2a, b, c, d). The Kappa test statistic was 1.0 for the studies ana-
lyzed, indicating no disagreement between the reviewers.

3.1. Qualitative review of studies

Among the studies comparing the periodontal indexes between the
dementia group and the non-dementia group, we found 1750 in-
dividuals with dementia (general mean age: 78.16) and 4816 without
dementia (general mean age: 75.45). One study assessed only mild
memory impairment (Okamoto et al., 2010), seven studies assessed
dementia without distinguishing its type or degree of cognitive im-
pairment (Chen et al., 2010; Chen et al., 2013; De Souza Rolim et al.,
2014; Gil-Montoya, Sánchez-Lara et al., 2017; Gil-Montoya, Barrios
et al., 2017; Rai et al., 2012; Zenthöfer, Cabrera et al., 2016; Zenthöfer
et al., 2017), one study divided their case groups according to types of
dementia (Syrjälä et al., 2012), three studies evaluated only Alzheimer’s
disease (Chu et al., 2015; De Souza Rolim et al., 2014; Martande et al.,
2014), one study evaluated mild cognitive impairment and dementia of
any type or severity, together in the same group (Gil-Montoya et al.,
2015), one study evaluated dementia severity (Gil-Montoya, Sánchez-
Lara et al., 2017), and one study had Alzheimer’s disease and mild
cognitive impairment in different case groups (Cestari et al., 2016).

In general, most of these studies showed that periodontal disease
was more prevalent in patients with dementia (regardless of the type of
dementia) than those without. The values for PI, BOP, PD and CAL
indicated a larger prevalence of periodontal disease in the dementia
group (Cestari et al., 2016; Gil-Montoya et al., 2015; Gil-Montoya,
Barrios et al., 2017; Gil-Montoya, Sánchez-Lara et al., 2017; Rai et al.,

2012; Martande et al., 2014). In addition, the severity of periodontal
disease was found to worsen in accordance with the progression of
Alzheimer's disease from mild to moderate and severe (Gil-Montoya,
Sánchez-Lara et al., 2017; Martande et al., 2014). CPI and CPITN in-
dicated greater need for periodontal treatment in dementia patients
(Okamoto et al., 2010; Zenthöfer, Cabrera et al., 2016).

Some studies evaluated by this systematic review (Chu et al., 2015;
Chen et al., 2010; Okamoto et al., 2010) reported worsen periodontal
indexes in initial periods of control and in late periods of dementia
groups. Moderate periodontitis was shown to be more prevalent in the
initial stages in the control group, while the severe stages of period-
ontitis were found to be more prevalent in the dementia group (De
Souza Rolim et al., 2014).

Only three studies did not find a significant difference between
periodontal disease and dementia (Chu et al., 2015; Cestari et al., 2016;
Syrjälä et al., 2012) and Zenthofer et al (Zenthöfer et al., 2017) did not
find a statistical difference in GBI between the groups.

3.2. Risk of bias assessment

All the studies included in this meta-analysis (Cestari et al., 2016;
Gil-Montoya et al., 2015; Martande et al., 2014; Rai et al., 2012) are
considered to be of high quality according to the NOS scores (Luo et al.,
2015).

3.3. Results of the meta-analysis

The meta-analyses were performed based on two different clinical
parameters (PD and CAL), with (Fig. 2a, b) and without (Fig. 2c, d)
cross-sectional study (Martande et al., 2014). For Martande et al14 and

Table 1
Periodontal indexes evaluated in the intervention criteria.

Plaque index (PI) Mean (Rai et al., 2012; Martande et al., 2014; Gil-Montoya, Sánchez-Lara et al., 2017; Gil-Montoya, Barrios et al., 2017)
or percentage (Cestari et al., 2016) of bacterial plaque in the cervical region of the teeth.

Bleeding on probing (BOP) Presence or absence of bleeding after insertion of periodontal probe within the sulcus or pocket (Joss et al., 1994).
Gingival bleeding index (GBI) Presence or absence of bleeding after gentle probing of the orifice or the gingival crevice (Ainamo & Bay, 1975; Newbrun,

1996).
Probing depth (PD) Distance from the gingival margin to the base of the sulcus or pocket (Listgarten, 1980).
Clinical attachment loss (CAL) Distance from the cemento-enamel junction to the base of the sulcus or pocket (Haffajee & Socransky, 1986).
Community index of periodontal treatment needs

(CPITN)
CPITN assesses the presence or absence of gingival bleeding on probing, supra or subgingival calculus and periodontal
pockets by using a 0.5 mm ball tip WHO probe. Ten index teeth are examined, resulting in six scores determining the
individual’s treatment needs (Ainamo et al., 1982; Dhingra & Vandana, 2011).
Score 0: health periodontal conditions
Score 1: gingival bleedings
Score 2: calculus and bleeding
Score 3: shallow periodontal pockets (4 to 5 millimeters)
Score 4: deep periodontal pockets (6 millimeters or more)
Score X: When only one or no teeth are present in a sextant

Community periodontal index (CPI) CPI is a modified version of CPITN by inclusion of measurement of ‘Loss of attachment’ and elimination of ‘Treatment
needs’. The periodontal status is assessed with a 0.5mm ball tip WHO probe taking into consideration 10 teeth in the oral
cavity. The scores are:
Score 0: health periodontal conditions
Score 1: gingival bleedings
Score 2: calculus and bleeding
Score 3: shallow periodontal pockets (4 to 5 millimeters)
Score 4: deep periodontal pockets (6 millimeters or more) (Dhingra & Vandana, 2011; World Health Organization, 2005)

Table 2
List of excluded studies according to the exclusion criteria and access availability.

No control groups Zenthöfer et al. (Zenthöfer, Meyer-Kühling et al., 2016); Sochocka et al. (Sochocka et al., 2017a), Lee et al. (Lee, Hu
et al., 2017)

Evaluates only plaque index (PI) Chalmers et al. 2003 (Chalmers et al., 2003), Hatipoglu et al. 2011 (Hatipoglu et al., 2011)
Didn’t evaluate the clinical parameters of

periodontal disease
Kim et al. (Kim et al., 2007), Kamer et al. (Kamer et al., 2009), Noble et al. (Noble et al., 2012), Sparks Stein et al.
(Sparks Stein et al., 2012), Noble et al. (Noble et al., 2014), Luo et al. (Luo et al., 2015), Stewart et al. (Stewart et al.,
2015), Lee et al. (Lee, Lee et al., 2017), Fereshtehnejad et al. (Fereshtehnejad et al., 2017), Chen et al. (Chen et al.,
2017), Takeuchi et al. (Takeuchi et al., 2017)

Only abstract available (Congress Presentation) Noble et al. (Noble et al., 2017), Sochocka et al. (Sochocka et al., 2017b), Singh (Singh, 2016)
No access Bramanti et al. (Bramanti et al., 2015)
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Cestari et al, (Cestari et al., 2016) the means needed to be calculated
due to the division in their case groups (mild, moderate, and severe
Alzheimer’s disease, and Alzheimer’s disease and mild cognitive im-
pairment). The meta-analyses had high statistical and clinical hetero-
geneity (PD: both I2= 98%; CAL: both I2= 99%).

In a random effects analysis including the study by Martande et al,
(Martande et al., 2014) the PD was significantly higher in the dementia
group compared to the control group, regardless of the level of severity
of dementia (1.41mm, P < 0.01) (Fig. 2a). The CAL was also sig-
nificantly higher in the group with dementia than in the control group,
regardless of the level of severity of dementia (1.40mm, P < 0.01)
(Fig. 2b).

The meta-analyses without the cross-sectional study14 showed no
statistical difference in PD (1.25mm, P < 0.22) (Fig. 2c) and CAL
(1.20 mm, P < 0.22) (Fig. 2d) between the dementia and control
group.

4. Discussion

Impairment of cognitive capabilities and daily life activities pre-
disposes dementia patients to poor oral health and poor oral hygiene
(Syrjälä et al., 2012). Furthermore, as the world’s population ages and
dementia becomes more prevalent, it will possibly become a public
health problem (Dementia, 2012). In response to the clinical needs of

an aging population and the resultant growing incidence of dementia,
this study was conducted to assess the severity of periodontal disease in
subjects with dementia compared to non-dementia patients.

Oral health plays a key role in the prevention of several diseases,
especially in older adults (Gil-Montoya et al., 2015), making extremely
important the knowledge concerning the periodontal conditions of
dementia patients and how these conditions can affect people’s daily
lives. Patients with dementia typically have difficulties regarding
plaque control, such as an opposition to oral care, and forgetting to
brush their teeth, which increase the risk of developing periodontal
disease (Chalmers et al., 2003; Chen et al., 2013).

Chalmers et al29 affirmed that these patients considerably worsen
their oral conditions in one year, possibly because of the progressive
neurodegeneration in this period. Martande et al14 also showed that the
more severe the dementia, the more serious the involvement by peri-
odontal disease.

Although the initial stages of periodontal disease were more pre-
valent in the control group in some studies, the severe periodontal
disease was found to be more prevalent in the dementia group in sev-
eral studies. (Chu et al., 2015; Chen et al., 2013; De Souza Rolim et al.,
2014; Gil-Montoya, Sánchez-Lara et al., 2017; Gil-Montoya, Barrios
et al., 2017; Okamoto et al., 2010) These findings suggest that peri-
odontal disease and its progression may be associated with the presence
and evolution of dementia; however, there is not yet enough data to

Fig. 1. PRISMA flow diagram of search processes and results. Fourteen articles met the inclusion criteria and were thus selected for inclusion in the systematic review. Four articles were
included in the meta-analysis.
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prove this hypothesis.
The present study is the first meta-analysis to assess the severity of

periodontal disease in non-dementia versus dementia patients. PD and
CAL are important clinical parameters to indicate the presence of per-
iodontitis. Our study showed that PD and CAL were significantly higher
in the dementia group compared to the control group regardless of the
severity level of dementia (PD=1.41mm, P < 0.01; Fig. 2a)
(CAL= 1.40mm, P < 0.01; Fig. 2b). However, is important to em-
phasize that in cross-sectional studies, it is not always possible to es-
tablish a causal link, since exposure and disease are evaluated at the
same moment, increasing the risk of bias. Therefore, despite the sig-
nificant increase of PD and CAL highlighted by the meta-analyses in-
cluding the cross-sectional study, the meta-analyses without the cross-
sectional study showed no association between dementia and period-
ontal disease severity (PD=1.25mm, P < 0.22; Fig. 2c)
(CAL= 1.20mm, P < 0.20; Fig. 2d). The same plausible tendency was
reported by Pazos et al (Pazos et al., 2016) and Wu et al. (Wu et al.,
2016)

Other parameters such as CPI, PI, BOP, and CPITN were not sta-
tistically analyzed due to the inclusion criteria of the meta-analysis;
however, all these clinical parameters were higher in the groups with
some type of dementia compared to the control group (Chen et al.,
2010; Chen et al., 2013; De Souza Rolim et al., 2014; Gil-Montoya et al.,
2015; Okamoto et al., 2010; Rai et al., 2012).

A limitation faced by the present study was the lack of details
concerning the type of dementia and severity of AD. However, every
type of dementia and AD showed worse results compared to the control
groups. This finding suggests that patients with dementia need help in
daily oral self-care and that, moreover, relatives, caregivers, and nurses
in nursing homes and hospitals should be informed and instructed to
help meet this requirement (Syrjälä et al., 2012). Second, the metho-
dological approaches used in the studies were different, and several
different instruments, such as the Geriatric Depression Scale – short
version (GDS), Mini-Mental State Examination (MMSE), Diagnostic and
Statistical Manual of Mental Disorders-IV (DSM-IV), Diagnostic and
Statistical Manual of Mental Disorders III (DSM-III), National Institute
of Neurological and Communicative Disorders and Stroke and the
Alzheimer’s Disease and Related Disorders Association – Alzheimer's
Criteria (NINCDS-ADRDA Alzheimer's Criteria), Phototest, and medical
history were used to determine dementia. There was also a large var-
iation in sample size among the studies. These limitations may be re-
sponsible for the conflicting results among some studies, and the high
statistical and clinical heterogeneity in both meta-analyses, both with
(PD: I2= 98%; CAL: I2= 99%) and without the cross-sectional study
(PD: I2= 98%; CAL: I2= 99%). The results presented by clinical trials
shall be interpreted with caution, once statistically significant differ-
ences may not always represent clinical significance.

In summary, dementia patients might be less collaborative with oral
hygiene and this can adversely affect their periodontal condition,
though the association between dementia and the severity of period-
ontal disease remains unclear. Although worse periodontal conditions
to be found in patients with dementia, the study of Chen et al. (Chen
et al., 2010) affirmed that routine dental care carried by caregivers and
dental professionals was capable to improve periodontal indices until
reaching clinical outcomes similar to those without dementia, high-
lighting the reversibility of worse periodontal conditions and empha-
sizing the necessity of assisted dental care and professional assistance
for dementia patients.

In conclusion, although the qualitative analysis have suggested
worse periodontal conditions in dementia patients, due to different
study types and the high heterogeneity among them, the meta-analysis
does not support the association between dementia and severity of
periodontal disease. Therefore, further research is needed to clarify this
association.
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