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Objective: Some evidences suggest that tooth loss may be associated with stroke, at the same time, with cognitive
impairment. So, we investigated the association between tooth loss and cognitive impairment in stroke patients.
Methods: In a cross-sectional study, 251 stroke patients attacked within the latest 1 year, were surveyed for oral health status
including the periodontitis and the number of remaining tooth. Subjects aged between 40 and 79 years. 41.8% of the participants were female, mean age was 58.9±9.5 years. Questionnaires were focused on education, income, vascular risk factors
(hypertension, diabetes mellitus, cardiac disease, hyperlipidemia), smoking and drinking habit, previous and present medication, and BMI (body mass index). All subjects were examined the number of teeth, and the presence of periodontitis. The
Korean Mini-mental state examination (K-MMSE) was tested as a screening test for cognitive impairment by medical doctor.
Results: Tooth loss was significantly associated with MMSE in multivariate analyses. The odds ratio (OR) was 1.75 (1.753.13) with adjustment for age, sex, income, education, smoking, drinking, hypertension, diabetes mellitus (DM), heart disease, hyperlipidemia, BMI, family hypertension history, family DM history, family heart disease (p＜0.05).
Conclusion: Tooth loss was significantly associated with cognitive function in stroke patients.
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Introduction

[2]. Hypertension, diabetes mellitus, smoking and hyperlipidemia are known to cause stroke [3]. Recently, dental health
status including tooth loss has been reported to be not only associated with stroke risk factors [4-6] but also related with cognitive function in the elderly [7-9]. Furthermore, dental health
may be associated with the severity of stroke [10], in which advanced periodontitis or edentulousness were associated with
neurological deficit on admission and short-term outcome of
stroke patients.
Oral health is a part of systemic health, and has been emphasized as an important factor to improve quality of life [11].
Periodontitis is an important oral disease in middle ages. The
primary cause in the pathogenesis of periodontitis are gramnegative oral bacteria, and their presence can stimulate the lo-
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calized production of inflammatory cytokines and systemic
production of C-reactive protein (CRP), all of which may injure
and impair the brain directly [7]. Another cause of association
between tooth loss and cognitive impairment is nutritional defects due to poor mastication, in which micronutrient deficiencies is potentially important determinant of cognitive function
[12]. The longitudinal study by Kaye et al. [13] suggested that
cognitive decline was related with tooth loss [14].
Cognitive impairment is one of the most common neurologic
symptom in stroke patients, and involve memory loss and
judgement impairment [15]. Cognitive deficits in stroke patients interfere with functional recovery and the potential benefits of rehabilitation [15-17]. Furthermore, cognitive impairment resulting from stroke can have a devastating impact on
both patients and their family [17,18].
Until now, it has been reported the association between cognition and oral health, however, few studies were reported the
association between oral health status and cognitive function
after stroke. Therefore, we studied the association between oral
health status including tooth loss and cognitive function in
stroke patients.

Materials and Methods
1. Subjects
In a cross-sectional study, 251 stroke patients attacked within
the latest 1 year were surveyed for oral health including the
periodontitis. Subjects aged between 40 and 79 years, and mean
age was 58.9±9.5 years. 58.2% of the participants were male,
and, 41.8% of the participants were female. Stroke was diagnosed on brain imaging (MRI or CT) by rehabilitation specialist.
All subjects provided informed consent or informed consent of
participant’s guardian due to inability of mutual understanding.

2. Oral examination
All individuals were examined by one specially trained dentist using a dental unit chair or mobile dental unit chair with blue
light, a dental mirror, CPI probe, and UNC probe. Oral examination consisted of the number of missing teeth and periodontal
pocket depth. We registered the number of teeth and the presence of periodontitis in each individual. Tooth loss was divided
with low and high levels (low; number of missing teeth <6, 0%
to <60%, high; number of missing teeth ≥6, ≥60%, median
value : 6), and DMFT index was computed with sum of decayed,
missing, and filled teeth, in which DMFT index was divided
with 2 levels (low; DMFT index <8, 0% to <50%, high; DMFT
index ≥8, ≥50%). For assessment of periodontitis, the pocket
depth was measured deepest mm at six sites in each tooth with
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two teeth per one quadrant using a CPI probe and UNC probe.
The presence of periodontal pocket depth 6＋ millimeters was
the main variable (severe group of periodontitis).

3. Questionnaires
Questionnaires were focused on smoking and drinking habit,
social history, previous and present medication, height and
weight. Social history included the highest degree of school and
monthly income. To assess the individual oral health behavior,
we asked the frequency of daily tooth brushing and the presence
of regular dental visit.

4. Cognitive function
K-MMSE (Korean Mini-mental state examination) was tested as a screening test for cognitive impairment by medical
doctor. MMSE was first devised to evaluate the cognitive state
of patients with cognitive impairment. Recently MMSE has
been used as a simple and first predicting device not only cognitive state of brain damaged patient but also the approximate
stage of functional development [19]. Many studies have used
MMSE as a screening instrument for global cognitive impairments, and cognitive function was assessed using the MMSE,
which includes estimates of orientation, registration, attention,
calculation, recall and language [20]. MMSE scores can range
from 0 to 30, and lower scores indicate greater cognitive
impairments. Scores were categorized by 2 groups as high
group (score ≥21) and low (score <21) [21].

5. Statistical analysis
Dichotomous variables are presented as percentages and
continuous variables are presented as mean and standard deviation (SD) and compare variables of oral health status of stroke
patients with t-test and chi-square test. Multivariate logistic regression analyses were used to analyze the association of the
investigated parameters with stroke. All variables entered into
the multivariate model with adjustment for age, gender, income, education, presence of vascular risk factors body mass
index (BMI), hypertension, diabetes mellitus (DM), cardiac
disease, hyperlipidemia, smoking and drinking habit, and family cardiovascular disease, odds ratios and 95% confidence intervals are given for all factors.

Results
1. Sociodemographic charicteristics and stroke
risk factors by tooth loss
Mean age of subjects with fewer teeth was higher than that
of subjects with more teeth (p<0.05). Income of subjects with
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Table 1. Socio-demographic characteristics and stroke risk factors by tooth loss in subjects
Variables
Age (yr), Mean±SD
Female sex, n (%)
a
Income, n (%)
School education ＞9 yr, n (%)
Smoking (never), n (%)
Alcohol drinking (never), n (%)
Hypertension, n (%)
Diabetes mellitus, n (%)
Cardiac disease, n (%)
Hyperlipidemia, n (%)
2
b
Body mass index (kg/m ), n (%)
Family hypertension history, n (%)
Family diabetes mellitus history, n (%)
Family cardiac disease history, n (%)

Tooth loss
Low (＜6)

High (≥6)

56.85±8.85
59 (39.3)
32 (21.3)
83 (55.3)
93 (62.0)
86 (57.3)
110 (73.3)
40 (26.7)
4 (2.7)
6 (4.0)
34 (22.7)
68 (67.3)
41 (27.3)
10 (6.7)

62.0±9.71
46 (45.5)
12 (11.9)
36 (35.6)
57 (56.4)
56 (55.4)
73 (72.3)
31 (30.7)
3 (3.0)
7 (6.9)
30 (29.7)
33 (32.7)
15 (14.9)
2 (2.0)

p-value
0.00**
0.20
0.04*
0.00**
0.23
0.43
0.48
0.29
0.59
0.23
0.13
0.03*
0.01*
0.08

a
b
SD: standard deviation. Income ＞1,000 $. Body mass index ＜25. p-value: p-value obtained from chi-square stastistics and t-test. *p＜0.05. **p＜0.01.

Table 2. Oral health status and oral health behaviors by MMSE in subjects
Variables
Age (yr), Mean±SD
Female sex, n (%)
Tooth brushing ≥2 times daily, n (%)
Dental visit ≥1 per year, n (%)
Number of missing teeth, n (%)
Low (＜6)
High (≥6)
DMFT index, n (%)
Low (＜8)
High (≥8)
a
Periodontitis, n (%)
Normal/mild (CAL＜6 mm)
Severe (CAL≥6 mm)

MMSE

p-value

Low (＜21)

High (≥21)

60.19±9.91
49 (40.5)
74 (61.2)
23 (19.0)

57.74±9.03
56 (43.1)
89 (68.5)
20 (15.4)

0.04*
0.39
0.04*
0.28

62 (51.2)
59 (48.8)

88 (67.7)
42 (32.3)

0.01*

57 (43.2)
64 (53.8)

75 (56.8)
55 (46.2)

0.06

58 (52.3)
53 (47.7)

60 (48.4)
64 (51.6)

0.32

SD: standard deviation, DMFT: decayed, missing, and filled teeth, CAL: clinical attachment level, MMSE: Mini-Mental State Examination. aDivides
two group, severe group define group which clinical attachment level is more than 6 mm among observed sites. p-value: p-value obtained from
chi-square statistics and t-test between subjects by MMSE score. *p＜0.05.

fewer teeth was lower than that of subjects with more teeth
(p<0.05). Education of subjects with fewer teeth was lower than
that of subjects with more teeth (p<0.05, Table 1).

2. Oral health status, oral health behavior by
MMSE
Daily tooth brushing of patients with high level of MMSE
was more frequent than that of patient with low level of MMSE
(p<0.05), the presence of regular dental visit of patients was not
associated with MMSE (p>0.05). And, the number of missing

teeth of patient with low level of MMSE was higher than that
of patients with high level of MMSE. The presence of periodontal pocket depth 6+ millimeters was not associated with
MMSE (p>0.05, Table 2).

3. Adjusted odds ratio of multivariate logistic
regression model in oral health status and
behavior by stroke
Tooth loss was significantly associated with MMSE in multivariate analyses. The odds ratio (OR) was 1.75 (1.75-3.13) with
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Table 3. OR of oral health status for MMSE in the series of adjusted models
Variables
Number of missing teeth
Low/moderate (＜6 mm)
High (≥6 mm)
DMFT index
Low/moderate (＜8 mm)
High (≥8 mm)
Periodontitis
Normal/mild (CAL＜6 mm)
Severe (CAL≥6 mm)

a
OR (95% CI)

ORb (95% CI)

ORc (95% CI)

1
1.85 (1.09-3.23)*

1
1.89 (1.11-3.23)*

1
1.75 (1.01-3.13)*

1
0.74 (0.43-1.25)

1
0.73 (0.43-1.24)

1
0.76 (0.43-1.33)

1
1.21 (0.71-2.01)

1
1.19 (0.69-2.05)

1
1.54 (0.85-2.79)

OR: odds ratio, MMSE: Mini-Mental State Examination, CI: confidence interval, DMFT: decayed, missing, and filled teeth, CAL: clinical attachment
a
b
c
level. Adjusted for age, sex, income, education, Adjusted for age, sex, income, education, smoking, drinking, Adjusted for age, sex, income,
education, smoking, drinking, hypertension, diabate mellitus (DM), heart disease, hyperlipidemia, body mass index, family hypertension history,
family DM history, family heart disease. *p＜0.05.

adjustment for age, sex, income, education, smoking, drinking,
hypertension, diabetes mellitus (DM), heart disease, hyperlipidemia, BMI, family hypertension history, family DM history, family heart disease (p<0.05). And, periodontitis and
DMFT index were not associated with MMSE (p>0.05, Table 3).

Discussion
Cognitive impairment in stroke patients is known as an important predictor of physical recovery and has been associated
with the risk of recurrent stroke, and cognitive deficits was reported to interfere with functional recovery and potential benefits of rehabilitation [16,17].
It has been reported the association between stroke and oral
health [4,5], however, few studies were reported the association
between oral health status and the severity after stroke.
Recently, advanced periodontitis or edentulous were reported
to associate with neurological deficit on admission and
short-term outcome of stroke patients in Europe, yet, in which
cognitive function and whole function in stroke patients were
not evaluated [10]. Therefore, in this report, it was hypothesized
that systemic influence of tooth loss could affect not only the
likelihood of stroke attack but also the severity after stroke, and
we intend to investigate the association between oral health status including tooth loss and cognitive function in stroke
patients.
Table 1 showed that fewer teeth were associated with ages,
low income, and low education level (p<0.05), in which it is consistent with others [22].
Table 2 showed the relationship of tooth loss with MMSE
score. This relationship was shown consistently with adjustment with confounding variables (p<0.05, Table 3). Tooth loss
increased in subjects with low MMSE score by 1.75 (95% CI
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1.01-3.13) with adjustment for age, income, education, smoking, drinking, hypertension, diabetes mellitus, heart disease,
hyperlipidemia, BMI, family cardiovascular risk factors (Table
3). Tooth loss was informed to be associated with age so much
[8]. This finding after being controlled by age, sex, socioeconomic factor, cardiovascular risk factors can be considered
remarkable.
Tooth loss was reported to have a deep association with atherosclerosis, furthermore, fewer teeth might be associated with
increased risk of ischemic stroke [4]. Several potential mechanisms have been proposed in the literature for the association
between periodontitis including tooth loss and stroke. This includes infectious agents collaborating in atheroma formation,
inflammatory markers, platelet aggregation and thrombosis.
Kim et al. [23] suggested that periodontal disease could contribute to the risk of Alzheimer’s disease onset and progression.
Table 3 showed that periodontitis was not associated with
MMSE. Although periodntitis was known to associate with
cognition [13,24], this result is not consistent with others
[13,24]. Because tooth loss reflects a long term history of oral
inflammation including periodontitis, in present study, it was
not found the association between periodontitis and cognition.
It is consisitent with the results that bleeding gums was unrelated with cognitive function [25].
Although this is the first study to explore the relationship between tooth loss and cognitive function after stroke, this study
had some limitation. First, admission period was not standardized. Second, stroke-occurred area of brain was not categorized, so this study did not include influence of brain area of
stroke on cognitive recovery. Third, this cross-sectional design
prohibited us from inferring causal relationship. Further welldesigned prospective investigations in stroke patients are required to determine the causality between tooth loss and cogni-
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tive function in stroke patients. Future studies with larger sample sizes will reduce selection bias.
Significant relationships were found between tooth loss and
MMSE in stroke patients. Within some limitation, this crosssectional study suggests a significant relationship of tooth loss
and cognitive function in stroke patients. A prospective studies
are needed to investigate the specific causes of this relationship.

Conclusion
Significant relationships were found between tooth loss and
MMSE in stroke patients. Within some limitation, this crosssectional study suggests a significant relationship of tooth loss
and cognitive function in stroke patients. Further studies are
needed to investigate the specific causes of this relationship.
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