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Abstract 

Background The purpose of this study was to investigate the relationships of oral health status and swallowing func-
tion with cognitive impairment in community-dwelling older adults from Changsha, Hunan Province, China.

Methods In this cross-sectional study, we analyzed the data of 215 participants aged ≥ 50 years which were retrieved 
from the Xiangya and Panasonic mild cognitive impairment (MCI) Study, a community-based study conducted 
among the residents of the urban areas of Hunan province in China. Demographic information of all participants 
was collected. We determined oral function by evaluating oral hygiene, oral dryness, occlusal force, tongue pressure, 
chewing function, swallowing function, remaining teeth number, and other indicators. The mini-mental state exami-
nation (MMSE) was used to screen for cognitive function. The relationship between each oral function evaluation 
item and cognitive function was investigated using correlation analysis. The associations between oral health status 
and swallowing function with cognitive impairment were inferred using multiple regression analysis.

Results The general characteristics of participants showed statistically significant correlation coefficients in number 
of teeth remaining (p = 0.003) and number of teeth lost (p < 0.0001). Almost half of the 25 participants (48%) were 
aged from 70–80 years. Only 25 older adults (11.6% of the participants) were determined to have cognitive impair-
ment by MMSE sores less than 24. Tongue pressure in male participants was the only significant independent variable 
that was associated with cognitive impairment (p = 0.01971). The results indicate that male participants with lower 
MMSE scores had a relative deficiency in tongue pressure.

Conclusions In this cross-sectional study, the oral health status and swallowing function of participants were in rela-
tively good condition and showed low correlations with cognitive impairment. However, lower tongue pressures 
were associated with lower MMSE scores in males, indicating it could serve as a novel oral function index for evaluat-
ing cognitive impairment.
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Background
Cognitive impairment in the elderly has become a very 
important social and medical problem in many coun-
tries with large aging populations. According to recent 
research, the global prevalence of mild cognitive impair-
ment varies between 6.7% and 25.2% of people over 60 
[1]. Cognitive impairment is currently considered a pre-
cursor to Alzheimer’s disease. Prior studies found that 
10%-15% of patients with mild cognitive impairment 
develop Alzheimer’s disease every year. Therefore, early 
screening and interventions for patients with mild cog-
nitive impairment are important to prevent and delay 
the development of Alzheimer’s disease [2]. However, it 
is challenging to successfully predict and diagnose mild 
cognitive impairment, and many patients who develop 
Alzheimer’s disease remain underdiagnosed in its early 
stages.

To better predict cognitive impairment in elderly 
patients, researchers have performed several studies 
which focus on the relationship between oral health and 
cognition in the elderly [3–6]. Poor oral health status is 
highly prevalent among the elderly with 95% of elderly 
patients suffering from oral diseases and is likely higher 
in senile dementia patients [7, 8]. It is still unclear how 
oral cavity changes in the elderly, such as a thicker tongue 
coating and higher degree of microorganism adhesion, 
lead to higher rates of oral infection, aspiration pneumo-
nia, and postoperative infections [9–12]. Dry mouth and 
decreased saliva secretion contribute to denture incom-
patibility, taste disorders, aspiration pneumonia, difficul-
ties with food intake, swallowing, and speaking [13–15]. 
When saliva secretion decreases and the saliva flow rate 
is lower than the absorption rate of oral mucosa fluid 
and the evaporation rate of oral fluid, the patient is more 
likely to be diagnosed with both insufficient saliva secre-
tion and secondary xerostomia [16, 17].

The loss of functional teeth leads to deterioration and 
weakness of chewing ability [18, 19] and higher risk of 
dementia [20, 21]. A positive correlation between demen-
tia and the number of missing teeth has been reported in 
the Chinese elderly population [22]. Some studies have 
found that premature and long-term tooth loss may be 
one of the causes of cognitive impairment in the elderly, 
so preventing these could be necessary to prevent cog-
nitive decline. It is also reported that chewing exercises 
increase blood supply to the brain, which can also affect 
the learning and memory abilities of the brain [23, 24].

The decline of chewing ability affects the function 
and morphology of hippocampal neurons, which is very 
important for learning functions [18, 25–27]. Chewing 
can increase arousal, alertness, and motor control, which 
may improve cognitive ability. Lower occlusal force is 
related to declining chewing ability, and lower tongue 

pressure may affect normal chewing, bolus formation, 
and swallowing function, which may lead to malnutrition 
[28–30]. One study found that the relationship between 
maximum occlusal force and cognitive function can be 
directly or indirectly judged by dietary intake [31]. As 
tongue pressure and occlusal force are essential for nutri-
tion intake, it may be important to assess tongue pressure 
as an early marker of mild cognitive impairment.

Comprehensive studies assessing oral health status 
using parameters such as tongue pressure, chewing, 
and swallowing, related to cognitive function are rare. 
Determining factors which are associated with cognitive 
decline can improve future patient outcomes by identify-
ing potential treatment areas. Therefore, the purpose of 
this study is to explore the relationship among oral health 
status, swallowing function, and cognitive impairment 
of the elderly in the community of Changsha in China, 
and to determine if any parameters can predict cognitive 
decline.

Methods
Study design and population
This study was conducted in three communities in 
Changsha, Hunan province of China, and a total of 225 
participants were recruited and 215 of them finished 
all the tests. Ten participants, who did not finish all the 
tests, were excluded. The sample size was set by using 
Student’s t test (n = 22.0211) to determine the minimum 
sample size for each group, and 35 participants for each 
group were set as the minimum sample size in in this 
study. According to the three age groups (50–59  years, 
60–69 years and 70–80 years) and with the ratio of male 
to female 1:1, a total of six groups and at least 210 par-
ticipants were required. Finally, all data from 215 par-
ticipants were collected by cross-sectional analysis in 
a singular evaluation. Participants ranged from 50 to 
80 years old, and only included healthy adults who spoke 
Mandarin, understood the test steps and contents, and 
had no history of diagnosed neurological diseases. Indi-
viduals with diabetes, stroke, dysphagia, Parkinson’s dis-
ease, or cognitive impairment were excluded from the 
study. All participants were lived in a fixed geographical 
area, such as ShiZiLing Community, YaoLing, and Weng 
Yi New Village in the Furong District of Changsha City.

All the processes, including recruitment, testing and 
data collection, were implemented during October to 
November 2021. Demographic information of all par-
ticipants included age, gender, marital status, education 
level, occupation, family income, smoking, drinking, 
physical exercise, hobbies, life events, and past medical 
history. According to the criterion descried above, only 
eligible seniors were invited to participate the formal 
experiment. The details on the data collection procedure 
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were showed as follows. In the first stage of data col-
lection, the general information questionnaire, MMSE 
scale and EAT-10 scale questionnaire were collected for 
all participants. In the second stage, oral health exami-
nations were performed to determine oral hygiene, oral 
dryness, occlusal force, tongue pressure, chewing func-
tion, and the number of remaining teeth. All testing 
procedures were performed by trained staff to ensure 
the accuracy of the experimental data collection pro-
cess. Meanwhile, in the whole process of data collection, 
strict quality control was carried out to ensure that the 
obtained data were accurate.

Oral health examination
Oral health examinations were conducted by two trained 
staff to assess the number of teeth visually. The num-
ber of teeth lost, presence of dentures, and number of 
remaining natural teeth were recorded for each par-
ticipant [32]. Residual teeth and teeth with looseness of 
more than 3 degrees were not included. Participants were 
categorized based on the number of remaining natural 
teeth: less than 10 teeth, 10–19 teeth, and more than 20 
natural teeth. This classification was chosen because pre-
vious studies used 20 or more existing natural teeth as 
fully functional dentition [3, 33, 34]. It has been reported 
that having less than 10 remaining teeth is an independ-
ent risk factor for cognitive impairment [35]. The loss of 
more than 16 teeth among the Chinese elderly popula-
tion has been associated with severe cognitive impair-
ment [22]. Therefore, our study uses the same standard 
for comparative analysis as with similar studies [36].

Oral hygiene
Trained staff evaluated oral hygiene by observing the 
degree of tongue coating adhesion [9]. The tongue sur-
face was divided into nine areas, and the degree of tongue 
coating adhesion in each area was scored in 3 sections. 
Score 0: The tongue coating is not visible; Score 1: the 
tongue coating is thin, and the nipple of tongue is visible; 
Score 2: the tongue coating is too thick that the nipple of 
the tongue is not visible. Tongue coating index (TCI) was 
calculated by the tongue surface score. Tongue coating 
adhesion degree above 50% was considered unhygienic 
[10].

Oral dryness
We used the Saxon test to measure oral saliva levels and 
evaluate oral dryness [37, 38]. Medical gauze (Type III 
medical gauze piece, 7.5 cm, 12ply, dry weight 2 g) was 
put into the oral cavity of the participants. The partici-
pants were instructed to close their lips, and not swallow 
while chewing for 2  min. The gauze was then removed 
and placed into a cup for measurement. The amount of 

saliva was calculated by measuring the weight change of 
the gauze before and after chewing. When the weight of 
gauze increased by < 2 g after the Saxon test, the partici-
pants were classified as having oral dryness.

Tongue pressure
Tongue pressure was measured by trained staff using a 
tongue pressure TPS100(Henan Xiangyu Medical equip-
ment Co., LTD, China) [39, 40]. For denture wearers, 
tongue pressure was measured when installing the den-
ture. A sublingual airbag was installed on the tongue 
pressor (TPS100). Staff demonstrated placement of the 
sublingual airbag to the participants using an oral model, 
with the front teeth pressed against the thick and thin 
interfaces of the sublingual airbag. After the participant 
placed the airbag in position, the staff reminded the par-
ticipant to listen to the instructions. The participants 
pushed the balloon to the hard palate with the greatest 
strength of their tongue, and repeated three times in each 
round, for a total of three rounds. When the measured 
maximum tongue pressure was less than 30 kPa, the par-
ticipants were classified as low tongue pressure.

Occlusal force
The evaluation of occlusal force was based on the method 
described by Miyaura, which is replaced by an alterna-
tive examination [41], such as evaluating the number of 
remaining teeth and checking the grip strength visually. 
The evaluation method of the number of remaining teeth 
was the same as that in 2.2 Oral Health Testing. Subjects 
with less than 20 teeth after removing residual root teeth 
and teeth with looseness were classified as having a lower 
occlusal force [42].

Swallowing function
The swallowing function was measured by trained staff 
using the swallowing dysfunction screening scale (EAT-
10) [43]. It includes ten items, with scores ranging from 
zero to four: zero is no dysfunction, one is mild, two is 
moderate, three is severe, and four is most severe. When 
the score value of each item was three or higher, it was 
considered that the participant has an increased risk of 
dysphagia. When the total score of EAT-10 is ≥ 1, the 
sensitivity and negative predictive value are the best, and 
it can predict dysphagia, impaired swallowing ability, 
infiltration, and aspiration in patients with acute strokes. 
Trained staff used gelatinous fudge, put a gummy candy 
on the preferred side of participants, and guided them 
to chew with the greatest strength and fastest speed for 
20 s [24, 44]. The participants were informed not to swal-
low saliva and candy, nor to change sides to chew. After 
stopping the time, they put 30 mL saline into their mouth 
and gargled five times, then spit it into a cup with a filter. 
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Researchers then measured the amount of glucose dis-
solved using a blood glucose meter (GT-1970) to check 
the chewing efficiency. When the tested glucose concen-
tration was less than 100 mg/dl, the chewing ability was 
considered impaired.

Cognitive function assessment
Cognitive function was assessed by trained staff using the 
mini-mental state examination (MMSE-2) [45], which 
includes evaluating direction, attention, memory, lan-
guage, and the ability to follow simple commands. MMSE 
scores range from 0 to 30, with higher scores indicating 
better cognition. Participants with a total score of less 
than 24 are defined as having "cognitive impairment". 
However, among people with different educational lev-
els, the criterion of MMSE is different. In a study of the 
elderly in the community environment, the sensitivity of 
MMSE critical value 24 to normal cognition is 0.85, the 
specificity is 0.90, and the sensitivity to cognitive impair-
ment is less than 24. People with MMSE scores higher 
than this critical value are classified as "normal cogni-
tion". All the examiners were blinded to the conditions 
that the participants were in only if applicable.

Statistical analysis
The data collected in this study were analyzed using 
Python (3.7.3version, The Python Software Foundation), 
and the significance level was p < 0.05. We used descrip-
tive statistics to report demographic characteristics. A 
Chi-square test was used to evaluate the differences in 
age, BMI, education level, foreign language ability, symp-
toms of dry mouth, difficulty in chewing food, reduc-
tion of food intake, number of teeth remaining, number 
of lost teeth, number of dentures, number of brushing 
teeth, etc. between the normal group and the cognitive 
impairment group. To explore the correlation between 
related factors of oral function and cognitive function, 
linear regression analysis was used to investigate the fac-
tors influencing cognitive impairment.

Results
General characteristics of the study participants
The general characteristics of the participants were classi-
fied into two groups according to their MMSE scores and 
presented in Table  1. In total, 215 older Chinese adults 
from Changsha participated in this cross-sectional study. 
The age of the participants ranged from 50–80 years and 
the gender ratio of male and female was approximately 
1:1. Only 25 older adults (11.6% of the participants) were 
identified as having cognitive impairment with MMSE 
scores less than 24. Almost half of the 25 participants 
(48%) were 70–80 years old. There was no significant dif-
ference in the distributions of BMI (p = 0.077) and 89.3% 

of the participants ranged from BMI of 18–28. The edu-
cation levels of the participants were divided into three 
groups based on highest level completed, including pri-
mary school, middle school, and university. There was 
a significant difference between the three levels with 
p-value < 0.001. For the cognitively impaired participants, 
most of them obtained a middle school level of education 
or less.

Self‑reported questionnaires
There were no significant differences in dry mouth, 
chewing difficulty, food intake reduction, number of 
false teeth, or tooth-brushing frequency between the 
normal group and cognitively impaired group. In both 
groups, less than 40% of participants reported prob-
lems with dry mouth, chewing difficulty, and food intake 
reduction. There were significant differences in number 
of teeth remaining (p = 0.003) and number of teeth lost 
(p < 0.001). Significantly, male participants with more 
teeth were found to have higher MMSE scores. The 
results also showed that 97.2% of all participants had at 
least 20 teeth. In general, all the results obtained by self-
reported questionnaires indicated the majority of the 
older adults in this study considered their oral health to 
be in relatively good condition.

Cognitive impairment and oral health
The associations of oral health condition with cognitive 
impairment were analyzed and the correlation results are 
shown in Fig. 1. The occlusal force measured by glucose 
test indicated that the correlations between MMSE scores 
and occlusal force in all participants (Fig.  1A), male 
(Fig.  1B) and female participants (Fig.  1C) showed no 
significant differences with p-values of 0.68922, 0.10443 
and 0.14043, respectively. The results of tongue pressure 
showed that the correlations between MMSE scores and 
tongue pressure in all participants (Fig.  1D) and female 
participants (Fig.  1F) showed no significant differences 
with p-values of 0.10371 and 0.4379, respectively. How-
ever, in male participants (Fig.  1E), the correlations 
showed strong differences with p-value = 0.01971. More-
over, the oral hygiene measured by the TCI test indicated 
that the correlations between MMSE scores and TCI% in 
all participants (Fig. 1G), male (Fig. 1H) and female par-
ticipants (Fig. 1I) showed no significant differences with 
p-values of 0.68556, 0.72251 and 0.19748, respectively. 
Additionally, the oral dryness measured by Saxon test 
indicated that the correlations between MMSE scores 
and oral dryness degree in all participants (Fig. 1J), male 
(Fig. 1K) and female participants (Fig. 1L) showed no sig-
nificant differences with p-values of 0.23386, 0.55618 and 
0.12826, respectively.
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Table 1 General characteristics of study subjects according to cognitive function (N = 215)

** P-value < 0.001 means there are significant associations between the corresponding characteristics(including Education,Number of teeth and Number of teeth loss) 
and cognitive function
a  MMSE, mini-mental state examination

Normal 
 (MMSEa≧24)

Cognitive Impairment 
 (MMSEa < 24)

Total x2 p‑value

Age

 50–59 64 33.7% 7 28.0% 71 33.0% 3.1802 0.2039

 60–69 68 35.8% 6 24.0% 74 34.4%

 70–80 58 30.5% 12 48.0% 70 32.6%

Gender

 Male 96 50.5% 12 48.0% 108 50.2% 0.0006 0.9803

 Female 94 49.5% 13 52.0% 107 49.8%

BMI

  < 18 1 0.5% 0 0.0% 1 0.5% 6.8315 0.0775

 18–24 88 46.3% 12 48.0% 100 46.5%

 24–28 85 44.7% 7 28.0% 92 42.8%

  > 28 16 8.4% 6 24.0% 22 10.2%

Education

 Primary school 14 7.4% 9 36.0% 23 10.7% 20.7207  < 0.001**

 Middle school 136 71.6% 15 60.0% 151 70.2%

 University 40 21.1% 1 4.0% 41 19.1%

Self-reported Dry Mouth

 Yes 39 20.5% 7 28.0% 46 21.4% 0.3567 0.5504

 No 151 79.5% 18 72.0% 169 78.6%

Self-reported Chewing Difficulty

 Yes 64 33.7% 10 40.0% 74 34.4% 0.1608 0.6885

 No 126 66.3% 15 60.0% 141 65.6%

Self-reported Food Intake Reduction

 Yes 49 25.8% 7 28.0% 56 26.0% 0.0000 0.9955

 No 141 74.2% 18 72.0% 159 74.0%

Number of Teeth

  < 10 0 0.0% 1 4.0% 1 0.5% 11.7637  < 0.001**

 10–19 3 1.6% 2 8.0% 5 2.3%

 ≧20 187 98.4% 22 88.0% 209 97.2%

Number of Teeth Loss

  < 5 173 91.1% 18 72.0% 191 88.8% 30.9294  < 0.001**

 5–8 16 8.4% 2 8.0% 18 8.4%

 ≧9 1 0.5% 5 20.0% 6 2.8%

Number of False Teeth

  < 10 176 92.6% 25 100.0% 201 93.5% 1.9704 0.3734

 10–19 11 5.8% 0 0.0% 11 5.1%

 ≧20 3 1.6% 0 0.0% 3 1.4%

Tooth-brushing Frequency

  < 2 29 15.3% 3 12.0% 32 14.9% 0.0174 0.8949

 ≧2 161 84.7% 22 88.0% 183 85.1%
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Fig. 1 The associations between oral functions and cognitive impairment

Fig. 2 The associations between swallowing function and cognitive impairment
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Cognitive impairment and swallowing function
The swallowing function evaluated by EAT-10 indicated 
that the correlations between MMSE and EAT-10 scores 
in all participants (Fig. 2A), male (Fig. 2B) and female par-
ticipants (Fig. 2C) showed no significant differences with 
p-values of 0.4025, 0.28606 and 0.94414, respectively.

Discussion
This study explored the associations of oral health status 
and swallowing function in patients with normal to mild 
cognitive impairment. The general characteristics of par-
ticipants showed that there were statistically significant 
correlation coefficients in number of teeth remaining 
and number of teeth lost. Tongue pressure in male par-
ticipants was the only significant independent variable 
among all being studied that was associated with cog-
nitive impairment. The results indicated that the male 
participants with lower MMSE scores had a relative defi-
ciency in tongue pressure, which could be used as an eas-
ily evaluated, novel predictor for cognitive impairment 
evaluation.

The general characteristics of the sample were critical 
for explaining the results different from other studies. In 
recent years, many studies evaluating the oral function 
of older adults with mild cognitive impairment (MCI) 
or dementia have demonstrated that various factors (e.g. 
age, education levels, number of teeth and frailty, mari-
tal status, and use of dental prostheses) are significantly 
associated with MCI [22, 46]. A previous study including 
3063 older adults in Shanghai showed that participants 
with dementia had older age, less years of education, and 
lower MMSE scores when compared to the cognitively 
normal older adults [22]. In our study, only 215 older 
Chinese adults from Changsha participated, with a mean 
age of 64.7  years. We also found the subjects with mild 
cognitive impairment were older on average by showing 
that almost half of them were aged from 70–80  years. 
However, there was no significant difference in the asso-
ciation of age and education levels with MCI between the 
normal group and cognitive impairment group. We also 
found no correlations between the control group and the 
cognitive impairment group in dry mouth, chewing dif-
ficulty, food intake reduction, number of false teeth, and 
tooth-brushing frequency. Most of the participants sug-
gested that they were in relatively good health condition 
by self-evaluation. Our study’s smaller population size 
of only 215 participants and younger mean age of the 
elderly, may explain differences from other studies.

Previous studies have reported that cognitive impair-
ment is generally associated with oral health functions, 
including oral hygiene, occlusal force, and orofacial pain 
[47–51], etc. A study suggested that deficient daily oral 
hygiene was closely associated with MCI even at an early 

stage [51]. However, in this study, the results did not 
show great differences between oral hygiene and MCI. 
Moreover, it was reported that in the older adults with 
retained competence, maximal occlusal force was fre-
quently present in participants with MCI or dementia. 
The occlusal force measured by glucose test also showed 
no correlations with MCI. Interestingly, lower tongue 
pressure in male participants showed strong correlation 
with MCI. To the best of our knowledge, this paper is the 
first to indicate tongue pressure as a possible predictor 
for evaluating MCI. Recently, a 2-year follow-up study 
indicated that tongue pressure was significantly stronger 
in the healthy group than in the cognitive impair-
ment group [52]. In addition, the study suggested that 
improvements in the MMSE score were correlated with 
an increase in both tongue pressure and masticatory per-
formance. In another recent study, orofacial pain and its 
potential causes were statistically associated with MCI, 
which could be another potential indicator for early diag-
nosis of MCI. In addition, a previous study suggested that 
participants having markedly fewer occluding pairs and 
smaller active mouth openings had more severe cognitive 
impairment [49].

A prospective cohort study of older adults in interme-
diate care in Sweden identified swallowing dysfunction 
and poor oral health as independent risk factors for mor-
tality [53]. A very recent systematic review and meta-
analysis of 1427 participants showed that some cognitive 
disorders were significantly associated with dysphagia 
[54]. Moreover, the association between cognition and 
swallowing disorders indicates that multiple neuroana-
tomical systems might be involved in these two func-
tions. In contrast, the results in the present study showed 
no statistical correlations between swallowing function 
and MCI. For most of the participants, their swallowing 
functions were perceived as strong. The oral health sta-
tus and swallowing ability were reported as good. Finally, 
the number of older adults in present study classified as 
having MCI was low, thus reducing the power of statis-
tical tests to demonstrate associations. Nevertheless, 
the results still suggest that male participants with lower 
tongue pressure were at greater risk of MCI or dementia.

Conclusions
The present study is the first to indicate tongue pres-
sure as a possible predictor for evaluating mild cognitive 
impairment. However, cognitive impairment is influ-
enced by complex relationships with oral health status 
and swallowing function. Novel and comprehensive eval-
uations by using interdisciplinary methods are needed for 
early diagnosis of mild cognitive impairment. Moreover, 
there were several limitations in present study, includ-
ing the sample size, this specific populations, as well as 
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the used statistical analysis. Further analysis on the asso-
ciations of oral functions with mild cognitive impairment 
are still needed to confirm these findings in the future.
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