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INTRODUCTION

The constant increase in the average age is determining an increasing 
epidemiological relevance of different types of cognitive impairment, in 
particular dementia. In 2018, about 50 million people suffered from some 
kind of dementia, with an annual incidence of 9.9 million 1; over the next 
20  years, these numbers will nearly double, up to 152  million in 2050. 
From a socio-economic point of view, the impact of these conditions is 
considerable: not only patients and their families, but also all public health 

Background & aims. Several studies report that a low number of 
teeth is strictly associated with a higher risk of cognitive impairment. 
Aim of this study is to evaluate the oral condition of a nursing home 
population, in order to clarify the possible association between tooth 
loss and cognitive decline. 
Methods. 444 patients were selected; clinical information were 
excerpted from their hospital records. Subjects were visited in their 
nursing home unit, paying particular attention to number of teeth, 
prosthesis and soft tissues.
Results. 378 subjects were visited, 277 with formal diagnosis of 
dementia and 101 with mild or no impairment in cognition. Age was 
similar in both group, while education level, MMSE and number of teeth 
were significantly lower among people with dementia. There was an 
inverse correlation between age and number of remaining teeth, while 
MMSE did not seem to be associated with tooth loss. School level was 
positively associated with number of teeth. 
Conclusions. There is a significant difference in number of teeth, school 
level and MMSE between patients with and without dementia. Maybe 
due to the high prevalence of people with severe cognitive impairment, 
a significant association between MMSE and number of teeth was not 
found. The presence of compromise oral conditions is relevant.
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is affected  2. Despite the clinical manifestations have 
been recognized, risk factors of dementia remain un-
clear, especially of Alzheimer’s disease (involving about 
two-thirds of the sufferers). 
Recently, a growing number of research studies have 
focused on the link between oral health and cognitive 
status 3. In particular, it seems possible to assess the 
association between tooth loss and an increased risk of 
developing dementia in the elderly 4,5. 
Several research studies report how the reduced and 
the difficult chewing activity (following a widespread 
edentulism) and the state of chronic inflammation (typi-
cal of periodontal disease) predispose the patient to 
an increased risk of developing dementia and losing 
cerebral volume in the areas devoted to memorisation 
(hippocampus, caudate nucleus and temporal lobe) 6. 
A poor oral health and the resulting dietary poverty are 
also associated with the weakening of systemic health, 
which can contribute to the onset and progression of 
dementia 7. In preparation for a larger population study, 
the purpose of the current pilot phase is the evaluation 
of oral conditions – with particular reference to the num-
ber of teeth – in an institutionalized population, compar-
ing the results with the anamnesis taken from clinical 
documentation. Through the investigation of a large 
number of patients, the aim of this study is clarifying 
the correlation between a reduced number of teeth and 
the level of cognitive decline, considering the possible 
influence of factors such as age and level of education.

PATIENTS AND METHODS

Participants

This study was conducted between November 2017 
and April 2018 at the Palazzolo Geriatric Institute (Don 
Carlo Gnocchi Foundation) in Milan. 444 patients were 
enrolled in the study, all of them selected from 9 Nursing 
Home (NH) units and the Alzheimer Special Care Unit 
of the Institute. During the visits, 66 patients were 
excluded: 21 for their unstable medical condition and 
45 who refused to submit to the study (Fig. 1). From the 
medical records of every patient, the diagnostic profile 
and the coexistence of potentially confounding variables 
were evaluated: upcoming and remote conditions 
(hypertension, diabetes mellitus compensated or not, 
stroke), drug therapy, habits (smoking and alcohol 
abuse), level of education, SOSIA score (indicative for 
daily living abilities, cognition/behaviour, comorbidities) 8 
and the results obtained with test for cognitive 
assessment and autonomy (MMSE index and Barthel 
Index, considering the latest performance). If present, 
the reports of dental services at the Institute’s Dental 
Centre was considered.

Procedures

Age and sex were used as demographic character-
istics; we defined a low education level as less than 
10 years of schooling 6. We classified the group un-
der evaluation in patients with or without cognitive 
impairment; among patients with dementia, we made 
a further distinction based on neurodegenerative dis-
ease: Alzheimer’s disease, cerebrovascular dementia, 
dementia of other kind. As regards their achieve-
ments in the MMSE, we used the NICE classification 
(2015) 9: ≥ 27 points, normal; 26-21 points, mild im-
pairment; 20-10 points, impairment; ≤ 9 points, severe 
impairment. We considered edentulous subjects with 
no teeth, only root or non-osteointegrated implant 
prosthesis  6. The visits took place in the ward, with 
patient in bed or on a wheelchair. For the inspection 
of the oral cavity a sterile set (mirror, probe and twee-
zers) and a tongue depressor were used; each control 
lasted few minutes. In case of good compliance, a 
photographic documentation of the oral cavity was 
taken. For each patients, residual teeth (number of 
teeth, mobility, integrity, any prosthetic rehabilitations 
fixed, implants), removable dentures (full or partial, fair 
or unstable, cleaning) and soft tissues (presence of 
plaque and Tartar, gum bleeding or typical oral lesions 
such as candida and hypertrophy of lingual papillae) 
were evaluated. A written report of the visit was at-
tached to the medical records of patients.

Analysis

Descriptive statistics (mean, median, IQR, kurt) were 
used to characterize the patients. Analysis of distribution 
of some data (age, school level, MMSE, number of teeth) 
was tested using Kolmogorov-Smirnov normality Test; 
almost all variables considered did not follow a normal 
distribution. Because of that, Mann-Whitney Test was 
used for analysis of difference between groups (patients 
with and without Dementia) in age, school level, MMSE 
and number of teeth. Analysis of correlation has been 
carried out with non-parametric Spearman Test. The 
level of significance was assumed to be p  <  0.05 or 
p < 0.01. SPSS (IBM Corp. Armonk, NY) was used for 
the analysis.

RESULTS

378 individuals were visited (Tab.  I). The range of age 
was between 59 and 104 years old, with mean age of 
85.96 ± 7.97 (86.47 ± 7.68 in the cognitively impaired 
group and 85.79 ±  8.89 in the cognitively normal 
group). 357 patients (94.4%) were 75 years old or 
older. The sample consisted of 298 women (78.8%) 
and 80 men (21.2%). On average, level of schooling 
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Figure 1. Flowchart. Description of the procedure for the patients’selection.
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was 7.29 ± 3.53 year; 306 participants (80.9%) had a 
school level lower than 10 years.
277 patients (73.3%), which previously received a 
formal diagnosis of dementia, were mainly in the 
moderate or severe stage of the disease; among them, 
there were 60 subjects with Alzheimer’s disease, 144 
with Cerebrovascular Dementia, 73 with other kind 
of cognitive impairment. The remaining 101 patients 
(26.7%) had no formal diagnosis of dementia in their 
clinical file or received a diagnosis of Mild Cognitive 
Impairment (MCI). Among them, just according 
to cognitive performance, some patient could be 

reasonably considered in the mild stage of a dementia 
condition (Tab.  I). On average, MMSE score was 
10.67 ± 9.03 (7.20 ± 6.85 for subjects with dementia 
and 20.68 ± 6.36 for patients without a formal diagnosis 
of dementia or MCI).
Across the population, 205 subjects had hypertension, 
54 diabetes, 33 a history of stroke, 29 were smoker 
or formers smoker, 8 patients had previous history of 
alcoholism. 
The mean number of teeth was 5.70 ± 8.17; 39 patients 
had more than 20 teeth left, 45 had a number of teeth 
between 19 and 10, 110 from 9 to 1 tooth, 184 were 
completely edentulous. 99 subjects 026.2%) used 
regularly a denture; among them, 91 had a full removable 
denture, while 8 patients had a partial prosthesis.
Distribution of age, school level, MMSE and number 
of teeth was analysed with Kolmogorov-Smirnov 
Test. Because these variables did not have a normal 
distribution, the comparison between patients was done 
with Mann-Whitney Test (Tab. II). Patients with diagnosis 
of dementia had a significantly lower level of education 
than patients with no formal diagnosis of dementia or 
MCI (U = 11356.000, z = -2.338, p < 0.05); similarly, 
MMSE score (U = 2310.000, z =  -12.578, p < 0.05) 
and number of teeth (U  =  11210.000, z  =-  3,13, 
p < 0.05) were significantly lower among patients with 
dementia. These two groups did not differ by mean age 
(U = 12311.000, z = -1,786, ns): on average, age was 
similar between patients with and without dementia. 
A significant negative association was found between 
age and number of residual teeth (rs = -.209, p < 0.01), 
while MMSE score did not correlate significantly with 
the amount of teeth (rs = 0.082, p = ns). There was a 
mild correlation between number of teeth and level 
of schooling (rs =  0.149, p  <  0.01). A slight negative 
correlation was found between SOSIA score and 
number of teeth: the higher was the class and the 
level of complexity care, the lower was the number of 
residual teeth (rs = -0.111, p < 0.05).

DISCUSSION

The present study allowed to evaluate general and 
clinical conditions and state of oral health, showing 
significant differences between patients with and without 
a formal diagnosis of cognitive impairment. Despite the 
average being similar in the groups, the number of teeth 
was lower among people with dementia, as well as 
level of education and, subsequently, the MMSE score. 
These findings are in agreement with literature: patients 
with dementia tend to have a lower level of education 
(aspect that is recognized as a risk factor) 10 and lower 
results in cognitive test. The number of teeth appears 

Table I. Descriptive characteristics: anamnesis, comorbidity, 
cognitive status and oral conditions were used to describe the 
group.

Characteristics N
Anamnesis
≥ 75 aa 339
M 78
F 286
Level of schooling ≤ 10 years 306
Comorbidity
Hypertension 205
Diabetes 54
Stroke 33
Smoker 29
Alcoholic 8
Cognitive status
Non-formalized diagnosi 101
Alzheimer disease 60
Vascular dementia 144
Other kind of dementia 73
Residual teeth
0 184
1-9 110
10-19 45
≥ 20 39
Mobile denture
Totale 91
Rimovibile 8
MMSE
≤ 9 174
10-20 128
21-26 56
≥ 27 19
Bartehl/ADL
0-24 228
25-49 29
50-74 18
75-90 2
91-100 /
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to be reduced in patients with dementia, either as a 
result of a reduced ability of maintaining hygiene or as 
predisposing factor  11. In the studied population, very 
poor attention to oral hygiene was observed on the part 
of caregivers and a specialized monitoring was totally 
lacking. There was an inverse correlation between age 
and number of teeth: increasing the years, patients 
(with and without cognitive impairment) had a higher 
number of edentulous areas. These results can be 
ascribed to not only poor general physical condition of 
the elderly, but also to reduced ability of cleaning, that 
requires more support and help 12.
Regardless of level of cognitive impairment, a higher 
degree of schooling was associated with an increased 
amount of remaining teeth. People with higher 
education, and probably higher social background, 
may have had access to adequate dental care since 
before admission, continuing to maintain good oral 
health when admitted in NH.
Several studies have examined the possible mechanisms 
of association between tooth loss and progression of 
cognitive impairment 13: a reduced masticatory efficiency 
and the involvement of periodontal pathogens in the 
development of inflammatory processes of the brain 
seem to be, currently, the most accredited pathways. 
However, in the present study, no correlation between 

MMSE and residual teeth number seems to emerge, 
perhaps due to the presence, in the studied population, 
of a high percentage of subjects with low MMSE score 
and severe cognitive impairment. Thus, the distribution 
of patients could have invalidate an analysis in this 
direction.
The constant use of denture was limited to a low 
percentage of patients; most subjects with partial 
or total edentulism did not have prosthesis or had 
incongruous denture, not cleaned or, in some cases, 
not their own. A severe cognitive impairment may have 
influenced, since before admission, the maintenance of 
proper oral hygiene and patient adaptation for eventual 
restoration.
It is possible that both variables (poor oral condition and 
inadequacy of the prosthesis) influenced and influence 
even during hospitalization the nutritional status of 
patients. Some studies have shown an association 
between masticatory efficiency (guaranteed by the use 
of implants or from natural teeth), nutrition quality and 
cognitive status. Optimal chewing performance positively 
influences not only the maintenance of an appropriate 
nutritional intake, but also the regulation of cerebral blood 
flow, helping to reduce the risk of cognitive decline 14.
Correlation study made it possible to identify a negative 
association between SOSIA score and number of teeth: 

Table II. Comparison: age, education, MMSE and number of teeth were used to compare patients with and without formal diagnosis 
of dementia. Mann-Whitney Test was used for the analysis. P-value < 0.05. (NS = not significant).

Formal 
diagnosis 

of dementia 
(n = 277)

No formal diagnosis  
of dementia/diagnosis of 

MCI 
(n = 101) P-value

Age NS
Mean 86,47 84.79
Median 87 86
IQR 7.67 8.89
Standard deviation 10 11,25

Schooling 0.019
Mean 7.022 8.06
Median 5 5
IQR 3.29 4,02
Standard deviation 3 8

MMSE 0.001
Mean 7.2 20.69
Median 8 22
IQR 6.85 6.36
Standard deviation 12 8

Residual teeth 0.002
Mean 4.64 8.79
Median 0 5
IQR 7.18 9.94
Standard deviation 6 19
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a higher level of complexity of care is associated with a 
lower number of residual teeth. As already mentioned, 
the total or partial edentulism can be expression of 
poor general physical condition; on the other hand, a 
growing number of studies are investigating the report 
and the predictability of tooth loss on the onset of 
diseases such as diabetes, cardiovascular disease and 
obesity, signalling significant correlations.
The difference in number of residual teeth between 
patients with and without dementia might have been 
influenced by other factors, such as general surgical 
conditions and the level of education.

CONCLUSIONS

Based on a considerable sample of hospitalized patients 
and on a timely analysis of individual clinical history, this 
study highlight significant differences among subjects 
with a formal diagnosis of dementia and patients with 
MCI or without a formal diagnosis of dementia. Oral 
health conditions were very poor, with abundant depos-
its of plaque and tartar and badly preserved dentures, 
particularly among patients with advanced cognitive 
decline. In this group of patients, attention to hygienic 
aspect is poor, with possible repercussions on the qual-
ity of life (self-perception, socialization, relationship with 
neighbours) and nutritional status. This underestimation 
of the oral cavity hygiene should be considered and ex-
amined in depth, in order to improve the competence 
of caregivers. Despite the limits of this study (presence 
of patients with advanced cognitive decline, absence of 
a control group), we can still get a confirmation of the 
relationship between oral conditions and dementia, in 
line with the literature 15. Correlations among the num-
ber of teeth and level of cognitive impairment with other 
variables should be taken into account and analysed, 
including comorbidity and socio-economic conditions, 
which could play a potential confounding role. 
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